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Abstract

The Bose-Einstein Condensation (BEC) of the two-dimensional magnetoexcitons on the
superposition state, as well as on the excited Landau levels, is studied. The superposition of
two excitonic states formed by electron and hole on the lowest Landau levels (0, 0) and on the
first excited Landau levels (1, 1) was considered. The generalized Bogoliubov u-v transforma-
tion was deduced. The criterion for the exciton concentration was established. These ques-
tions will be studied below.

1. Introduction

In Refs [1, 2] the influence of the Coulomb scattering processes of electrons and holes
between different Landau levels on the energy spectrum and on the collective properties of
the two-dimensional magnetoexcitons was investigated. It was shown that the virtual quantum
transitions of the Coulomb interacting particles from the lowest Landau levels to excited Lan-
dau levels with arbitrary numbers » and m and their transitions back to the lowest Landau le-
vels in the second order of the perturbation theory result in the indirect attraction between the
particles supplementary to their Coulomb interaction. These investigations were fulfilled in
pure electron-hole description as well as in the excitonic approach, which permitted to deter-
mine the wave function of the lowest magnetoexciton band. The more exact exciton wave
function, as well as the exciton creation operator, was represented in the superposition form
composed by the wave function and creation operators of the bare exciton states. The exis-
tence of the ground state in the form of superposition state will influence the character of the
magnetoexciton BEC, changing the distribution of the particles on the lowest and excited
Landau levels.

2. Bose-Einstein Condensation of two-dimensional magnetoexcitons on the
superposition state

As was shown in references [2, 3] the ground state of the 2D magnetoexciton in a sim-
plified case can be described by the exciton creation operator

X' (k)= XN k) +n X"k, &+ =1, (1)
where the creation operators X “”'(k) and XV'(k) describe the bare magnetoexcitons
states, first of them being created by the electron and hole on the lowest Landau levels (LLLs)
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with n, =n, =0, whereas the second exciton state being created by the first excited Landau
levels (FELL) n, =n, =1.

To introduce the Bose-Einstein condensation (BEC) state of excitons, as was shown in
many previous references [4, 5], it is necessary to use the operator of the unitary transforma-

tion
DN, )=e"s T=N, (X"t)-X(K)), )
where N, is the total number of the excitons and X'(k), X(k) are the single exciton crea-

tion and annihilation operators. In our case of a superposition state (1), the operator Y can be
transcribed as

Y = ,Nex [5()2(0,0)'?‘(]{)_X(O,O)(k))+77()2-(1,1)T(k)_X(l,l)(k)):| — Y; +Yi ‘ (3)
Introducing the filling factor v* in the form N, =v’N, where N =S/27/ and taking into

account the definitions of the operators X @O (k) and X DT(k) we can represent }}O and I}l

operators as

- e -z%x i
. 4)
They have the properties
A (A R A )
which lead to the expressions
D=BB, [Dub -0 B =D =" o

A A

—oh P =
Dy=e",D =e".

Now we will transform the initial electron and hole creation and annihilation operators o

p5

a,, b, b, c, c, and d), d, corresponding to the Landau quantization states n,, n, =0,1

as follows
AAE _ ik (ke /DI
Da, D' =a,=u,a,-ve b, _,
AL AT _ ik, (p=ke /200t
Db,D" =p, =u,b, +v,e” a _, )
A At _ —ik, (p—ky/2)I* 7%
D¢, D" =y, =uc,—ve d, _,
A NT . ik, (p—ke /DIt
Dd,D"'=6,=ud, +ve Cp _po
where

—ik.tl*
Uy = cos(vE); v, =sin(v&); v, (t)=v,e "

” ®)
u, =cos(vn); v, =sin(vn); v, ()= vleflk””

The inverse transformations look as follows

k .
a,=u,x,+v, (p _?xjﬂkl—p
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kY
bp :u()ﬂp —V [?’—Pjaz —p

c,=uy, +v1(p—k—j5* )

kx il
dp :ulé‘p _vl (7_pj7/kxp

Now we will introduce the Hamiltonian of the two-dimensional electron-hole system describ-
ing the states of 2D e-h system in a strong perpendicular magnetic field taking into account
two lowest Landau levels with n,, n, =0,1 for electrons and holes.

It can be written as follows

H=- eOZa;ap—,uhOZb; +z ha,, ,ul cc +

(10)
t (0,0) (L0 0.1 (1,0)
+Z ha) /'lhl d d +HC0ul +HCUu/ +HC0ul +HCoul

The term H{:Y descnbes the Coulomb interaction when the electrons and holes are situated on the

LLLs with n, =n, =0. The term A" describes the Coulomb interaction between the particles

situated on the first excited Landau levels n, = n, =1, whereas the terms A" and H"!) describe
Coulomb interactions when one particle is situated on the first level, for example, and the second
partner of the interaction is situated on the lowest Landau level and vice versa. But here we took into
account only the processes when the particles remained on the same Landau levels after the scatter-
ing. In this case, the number of particles on the given Landau level is conserved being constant. We
also supposed that the quasi-equilibrium is established separately in the frame of the particles lying
on the LLLs with n, =n, =0 and apart for the particles occupying the FELLs n, =n, =1. The
scattering of the particles between two Landau levels with n, =0 and n, =1, for example, could be
difficult in the absence of a needed optical phonon with the frequency @,, comparable with the
electron cyclotron frequency @,, . By these reasons, we have introduced in Hamiltonian (10) two
different chemical potentials 1z, + 1,, = 1, and p,, + p,, —ho,, —he, =y, .
The Hamiltonians describing four types of Coulomb interactions are the following
Hg)n?,) = z F _(p,0,q,0; p—s5,0;g+s, O)apaqaqﬂap L+

p-q,s

+% 2 Fii(p,0:9,0; p=5,0:q+5,006bb,.b, -

X

_ZF; h(p70 qao pP—Ss, O q+s, O)ClTb bq+sap 5

Psq5s

Hélmlt)l Z (pﬂl q91 p S 1 q+S 1 pcch+rcp §+
qu
+E Z F . (p, 19,1, p=s,1;9g+s, l)deqdqﬂdp -
Psq>8

Z L Lg, Lp—s,1;q+s, l)C;dqquCp "

Pq-$
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a1 .
HY) ==Y F_(p.1;¢,0; p—s,1;q+s,0xdla,,c, +

2 p.q,5
I
42 2 Fa(p 10,0, p =519+ 5, 0 bib, ),
Y2
- > F (. 14,0, p—5,1;q+5,0)c!blb,, c,
- (11)
Hgﬁ2521E%UL&%hp—&mq+&D@dqﬂ%ﬁ+
p.q,5

+%thh(pao,q,l,p—s,O,q+S’1)b;de b _

q " q+sT p=s
Psq,s

- Z F _,(p,0;q,1; p—5,0;9+s, l)a;d;dqﬂapﬂ.
Psq>S
The wave function of a single magnetoexciton in a superposition state can be obtained acting

by operator (1) on the vacuum state |0> of the bare electron-hole operators
¥ (k)= X"(0)[0), a,|0)=b,[0)=c,[0)=d,|0)=0. (12)

The ground state wave function of the Bose-Einstein condensed magnetoexcitons on the sin-

gle particle state (12) is determined as
\\Pg(/?)>=b( Nex) 0); <\Pg(1€)\=<0|15*(\/1v_8x). (13)

It plays the role of the vacuum state for the transformed new operators «,, ,, 7,, 6,. This

statement can be proved as follows
a,|¥ (k)= Da,D'D|0) = Da,|0) =0 (14)
and so on. It means that
B,|¥ () =7,|¥ (k) =35,|¥,(k)=0
(W, (0|} =(¥ (0| B = (¥, 0|7 =(¥,(0)|5] =0
The operators of the electron and hole numbers are

N, =Yala,+>cle,; N,=Xbb,+>dld,. (16)
P p P p

Their average numbers in the ground state (13) of the Bose-Einstein condensed magnetoexci-
tons equals to the full number of excitons N, =v’N

(15)

(W |N,|¥,)=(¥,|N,|¥,)=N, =0 (17)
Equation (7) can be transcribed in the form
v =sin’(vE) +sin*(vp); £ +n’ =1. (18)

The strong solution of this equation is the value v =0, but it can be satisfied approximately

by the small values v* <1. It reflects the properties of the exciton creation and annihilation
operators, which strictly speaking obey the Bose commutation relations only in the case
v =0, but can be considered as approximate bosons in the case v* <1.

The unitary transformation DA(‘/NQX) (2) introducing the coherent macroscopic states

was constructed using the approximate Bose operators instead of true ones, and this fact leads
to requirement (18), which can be satisfied only approximately in the case v <1.
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These relations permit us to determine the admissible values v*, at which the BEC on
the superposition state can take place. For example, any values v> <1, when sin’(v&) = v’&?
and sin’(vn) = v’n*, satisfy these conditions. In the cases £=1, =0 and £=0, =1 they
lead to earlier established relation in Ref. [5] v’ =sin’ v, equivalent to the requirement

v* <1.1In the case & =7=1//2 one can write
2

Y —sin’
2

lj ie, v <2, (19)

t

Side by side with the parameter v*, which plays the role of the main filling factor, there
are also two partial filling factors sin®(&v) and sin’(7v) , which reflect the phase space filling
(PSF) effect of two phase spaces, one of them being related with the LLLs (#n, =n, =0) and

the other one with FELLs (n, =n, =1). Two phase spaces are engaged simultaneously be-
cause the superposition state X" (k)|0) is composed by two bare excitons states X" (k)|0)
and X"V'(k)|0) with the weights &> and 7, correspondingly. Due to the exclusion Pauli

principle, the creation of many excitons in the state X'**7(4)|0) means the occupations of
the same number of electron states in the LLL with n, =0 and of the same number of holes
states in the LLL with »n, = 0. In spite of the fact that the exciton binding energy is situated on

the energy scale lower in comparison with the energy of a free electron-hole pair, the equal
numbers of electron and hole states remain occupied during the BEC of excitons. In the case
of superposition exciton state, two phase spaces corresponding to two sets of Landau levels in
the process of the Bose-Einstein condensation are engaged. The process of BEC means in this

case the simultaneous filling of both phase spaces in the proportions sin’(&v) and sin’(7v) .
Even when the lower energy states related with X (k)|0) are not completely filled by the
excitons, the electron and hole states related with n, =n, =1 become partially filled. All these

consequences of the Pauli exclusion principle are well known in the absence of a superposi-
tion state and are generalized in the presence of the superposition state. Since the fillings of
the electron bands and of the phase spaces are determined by the corresponding chemical po-
tentials, we can expect the necessity to introduce two independent chemical potentials z, and

4, for two phase spaces mentioned above. Such a possibility is supported also by the consid-

erations related with the electron-phonon and hole-phonon scattering processes between dif-
ferent Landau levels discussed in Ref. [5]. Now, using equations (7) we will introduce the
new transformed operators «,, f,, y, and &, into the Hamiltonian. After its rewriting in a

normal ordered form it will contain constant parts without operators, playing the role of the
ground state energy, as well as the quadratic type Hamiltonian /, containing the diagonal

terms of the types a)a,, B,5,. 77, 6,5, and nondiagonal terms of the types @) f ,,
ﬁkx*pap ’ 7;511717 and 5’6;177/17'
Hamiltonian (10) can be divided in three parts: H = H(0)+ H(1)+ H (0, 1). One of them

H(0) contains only the electron and hole operators a;, a,, b;, b, corresponding to the

LLLs. It can be transformed using the partial unitary transformation D), (,/Nex ) The second
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part H(1) contains only the electron and hole operators c; s Cpo d; , d, corresponding to the
FELLs. It can be transformed using the partial unitary transformation D, (JNEX ) The third

part H(0,1) consists of two Hamiltonians of Coulomb interaction H" and H{:. For sim-
plicity we will consider the electron-hole system with equal masses m, = m, , equal cyclotron
frequencies @,, = w,, and equal chemical potentials

Hoo = Hyo = Ho/2 5 (g —he,) = (1 —he,) = 11, /2. (20)
The transformation of the Hamiltonian H(0) with the partial unitary transformation

A

D, (JNEX) coincides exactly with the case considered in Ref. [5] and is expressed by formu-

las (39)-(43) [5]. We intent to use these results applying them to the Hamiltonian H(0). By

this reason, in formulas (39)-(43) of Ref. [5], we will add the supplementary label zero, as
follows

H(0)=U(0)+ H,(0);
U(0) ==Nvy [ I8V (k) + ty | = Nvg [ 1 =15 (k) |;
H,(0) =3 EQ, k, vy, i) @y, + 5,3, ) - @21)

k k
—Z Y(0, k, Vg: ,uo)|:uovo (?x_pjﬂkxpap T Uy, (p _jj aj?ﬂfjfp :|
P

One can remember that the dangerous diagrams describing the spontaneous appearance from
the vacuum of the quasiparticle pairs were compensated in [5] by the condition

W(0, k,v;, 14,) =0, which permitted determining the unknown parameter of the system,
namely, the chemical potential . It was shown that the chemical potential z, and the single
particle elementary excitation energy E(0,k,v;, ,) in the Hartree-Fock-Bogoliubov ap-
proximation equal to

199 (k)
5
This result being applied to the subsystem with the Hamiltonian /A (0) and with the subspace

py ==18V () =20 [ 11V =100 ;- E(0. k. vy, 4y) = (22)

created by the states with n, =n, =0 in Landau gauge demonstrates the trends to collapse. It
occurs because in the case of the magnetoexciton X“V7(k)[0) the difference
[1 00 —Ie(f’o)(k)] >0 is positive and the chemical potential g, decreases when the partial fill-

ing factor v, increases. In the case of Ref. [5], these results have determined completely the

quantum statistical state of the system in HFBA. In our case, these results concern only the
first subsystem. They can be considered as a partial, incomplete information, which must be
supplemented by similar analysis of the second subsystem. Now we will perform the same

procedure with the Hamiltonian H (1) using the unitary transformation 151 (1 N, ) .

The results will be similar with the previous ones, but now we must substitute z, by
w > 100 (k) by 100 (k), 1Y by II"", u, by u, and v, by v,. We obtained
H1)=U)+H,(1),
where
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U) ==Nvi [ 18U+ g = Mo [ 11 = 18" ()] (23)

ex

and
H,() =Y E(L kv, w)(7}7, +5.5,) -
P

i i (24)
_Z\P(L k, Vlza ﬂl){”ﬂﬁ (?x_ pj5kxp7p Tuy, (p _?J 7/;512*17 }
p
Here E(1, k,v{, 1) and W(1, k,v], 11,) are

1 Tex

EQL k2, 1) = 222 T (k) + 10 (vF —ulv?) —%(uf —?) 05)

W kv ) =201 + I (k) =) +
The Hamiltonian H,(1) also contains dangerous terms describing the creation and annihila-

tion of a second type pairs of new quasiparticles with total momentum k_. The new vacuum
state “P g(k)> will remain stable if the new compensation condition
Y, k, v}, 1)=0 (26)

takes place. It can be satisfied choosing the value of the new independent chemical potential
4, . In the HFB approximation it equals to

u" =180 ey =297 [ 1 =18 (k) | (27)
and leads to the energy spectrum for a second type single particle excitation from the ground state
[¥.6)

I8 (k)
e
In the case of the first subsystem, the energy (22) of the single particle elementary excitation

equals to one half of the ionization potential /" (k) of the magnetoexciton in the bare state

E(L KV, p)= (28)

X (O’O)T(k)|0>. In the case of the second subsystem, the second type single particle elementary
excitations have the energy 1" (k) / 2 equal to one half of the ionization potential /" (k) of

the magnetoexciton in a bare state XV7(k)|0).

There are four types of single-particle elementary excitations represented by the new
quasiparticle operators o), a,; BI,B,; v.,7, and &,,5,. There are two types of quasi-
electrons and two types of quasi-holes, and their excitation energies (22) and (28) are deter-
mined independently by two different chemical potentials z, and g as in the case of two
independent Bose-Einstein condensates. The only interconnection between them is expressed
by the partial filling factors v, =sin’ &v and v =sin” 77v, which obey requirement (18). They

both depend on the filling factor v and determine the phase space fillings of two subspaces:
one of them being formed by the states related with the LLLs and the other being formed by
the states related with FELLs. The existence of a possibility of two independent Bose-Einstein
condensates arising simultaneously is determined by the structure of the unitary transforma-

tion D(./Nex) and its factorized form D = D,D,. This possibility can be realized when two

independent chemical potentials 4, and g, may be introduced.
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The above described picture remains valid, if the third part H(0,1) of the full Hamilto-
nian does not influence it. The influence on the compensation conditions can arise only from
the diagonal terms with s =0 of the Hamiltonian H(0,1). Only the diagonal terms with
s =0 from the Coulomb inter-Landau levels interactions could influence the compensation
conditions changing the coefficients W(0, k, v;, 1,) and W(1, k, v, 1) . But in the case s =0

the Coulomb matrix elements of the electron- electron, hole-hole, and electron-hole interac-
tions coincide.

F_(p,0;-4,1;p,0;—q,)=F,_,(p,0;4,1; p,0;4,1) = F(p,0;4,1; p,0;4,1).  (29)
It permits us to transcribe this part of the Hamiltonian as follows
HO,1),,, = > F(p,0:q,1; p,0:q. D[ c}c, (aja, ~bb., )~
ped (30)
~dld,(a',a,~blb,)]

-9 -9
This expression after the u,, v, and u,, v, transformations does not contain free and quad-
ratic terms at all, which could influence the partial ground state energies U(0) and U(l) as
well as the quadratic Hamiltonians H,(0) and H,(1). There are only the quaternion terms of

T

the types  wouiaa,yly,, ﬂkx_pap}/pé',j;_puoulvovl . uguv,(p—k 2w (p—k, [2)x
xa) B, 716, _, and so on, which are beyond the quadratic approximation and do not influ-

ence the obtained values of the chemical potentials g, and g, as well as the energies of the

single particle elementary excitations. Up till now we have considered the BEC on the super-
position state equivalent to simultaneous BEC in two complementary subspaces. They are
related with two different groups of Landau levels, when one subspace is formed from the
LLLs and their quantum states, whereas the second subspace is formed by the states belong-
ing to FELLs. In both subspaces, the breaking of the gauge symmetries takes place and the
coherent pairing between the electron-hole partners belonging to the same subspaces occurs.
Side by side with this case, one can consider another variant when in the lower energy
subspace related with LLL and described by the Hamiltonian H(0) the electron-hole liquid

(EHL) happens to be formed, whereas in the higher energy subspace related with FELLs and
described by the Hamiltonian H (1) as earlier the BEC occurs. In this case, all results related

with the BEC on the magnetoexciton state X" (k)|0) remain valid. The EHL involving the

electrons and holes situated on the LLLs was considered in Ref. [5], and these results can be
completely used here. As in the case of two simultaneous Bose-Einstein condensates, in the
last case of simultaneous EHL and BEC the influence of the Hamiltonian H(0,1) vanishes.

3. Bose-Einstein Condensation of two-dimensional magnetoexcitons on the
excited Landau levels

Now the BEC of magnetoexcitons formed by the electrons on the first excited Landau
level n, =1 and by holes on the LLL with n, =0 will be considered. We suppose that the

electrons are injected on the LL #n, =1 and the holes with the same concentration are injected

on the level n, =0. The Hamiltonian describing such a system has the form

241



Moldavian Journal of the Physical Sciences, Vol.8, N2, 2009

3 1
H= Z(Eg +Eha)ce —,uejc;cp +Z(§ha}6h —,uh)b;bp +

+22F”(p,1q,1p s,1;g+s,1 pcchﬂcpg+

P (31)
1 t
+E Z F, . (p,0;9,0; p—s,0,q+s5,0), b ,b,b,  —

Psq>s

Z (P, 19,0, p—s,1;g+s, O)cpbqbqﬂcp .

Psq>S

Instead of chemical potentials g, and g, , it is useful to introduce the notations

ﬁe:/ue_Eg_%hwce; ﬁh:luh_%hwch' (32)

Above the matrix elements of the Coulomb interaction were used
s+ )P
F (p. gl p=s1;q+s,1) =D W,, [l%] f(x(p—g-9)I)

Foy(p.0:¢,0; p=5,0:q+5,0)= > W, f(k(p—q-9)I) (33)

2 272
F o (p1¢,0, p—s5,15q+5,0)=> W, [lﬁlf(x(pw)lz),

where
W, =V,.exp| —————1; V,,=————=—=  [f(xt)=exp(ixtl’) (34)
’ ’ [ 2 ] Toest+ kS

The exciton creation operator X 9% (k) has the form

X0 (k) = ikt ot .- (35)

\/7 Z t+7 —t+7
As earlier, we are introducing the unitary transformation D(‘/Nm) as well as the u-v trans-

formation (7) from the initial operators c,, b, to the new operators y,, f3,, taking into ac-

count only the terms U and H,. In terms of the made calculations one meets with the values
SF_(p.miq,n; p,n;q,n)=NW,,;  n=0,1. (36)
q

2 2
zFe Lo, Lp=s,p=s,I; p,1)= ZW,(I_Q; j =70,

ZF;—e(p7 OQP_S, 0;p_S, 0; p’ O)ZZWQ :I[(O’O);
) 0

37
L Fy(p ik, =p 0 p=s Lk = pers O ol _ (37)

—ZW‘[ le] exXp [0xk] = 100 (K).

2
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As a result of the made transformation, we have obtained
DHD'~U +H,, (38)
where

4
= ~(E A BNV =N (1 1) = () (39)

and
41(0 0 uzvzll‘l’” + 2u2vzlg’°) (E) + (,L_thv2 - ﬁeuz )J Z 7;7/;7 +
P

(40)
+u

+ [v4](1 Dy OO 4 2142\/2[2()16’0)(];) +(@y — ﬁ,luz)] Zﬁ;ﬁp +

= (I + 10)+ (v = ) I8V~ (B, + ) |

BT

Compensation condition of the dangerous diagrams, which cancels the coefficient standing
before the sum index, permits us to determine the summary chemical potential =z, + 1,

700 4 7D
i==1."(k)-2v’ [— ; —- 1" (k)}. (41)
Supposing that 7z, = 7, = z1/2 we can transcribe the quadratic Hamiltonian H, as follows
H, =3 T.(k)7,7,+ 2. T,()B,B, (42)
p p
with the energies 7 (k) and 7, (k) of the single particle elementary excitations
(1,0)
Te(k) [ (k) (1(0 ,0) 11(1,1))
v
T, (k) = (00 =1).

Here another source of instability appears because T, (k) can became negative at great values
of k.

The total energy necessary to extract one e-h pair from the condensate equals exactly to
the ionization potential of the magnetoexciton X as it must be

T,(k)+T,(k) = 15" (k) . (44)

As a result, we must conclude that the BEC of the magnetoexcitons X" is unstable against
the collapse because the values 1" (k) are less than the middle value I GOt ') / 2.

Above we have revised the possibilities of the BEC phenomenon to occur in the frame
of the superposition state as well in the case of magnetoexcitons formed on the excited Lan-

dau levels. We can conclude that in the HFB approximation the BEC of magnetoexcitons on
the LLLs remains a more representative and a simple model.

References

[1] S.A. Moskalenko, M.A. Liberman, P.I. Khadzhi, E.V. Dumanov, Ig.V. Podlesny, and
V. Botan, Solid State Commun., 140, 236, (2006).

243



Moldavian Journal of the Physical Sciences, Vol.8, N2, 2009

[2] S.A. Moskalenko, M.A. Liberman, P.I. Khadzhi, E.V. Dumanov, Ig.V. Podlesny, and
V.V. Botan, Physica E, 39, 137, (2007).

[3] S.A. Moskalenko, M.A. Liberman, Ig.V. Podlesny, and E.S. Kiselyova, Bose-Einstein
Condensation of two-dimensional magnetoexcitons on the superposition state, ICONO-
2007: Physics of Intense and Superintense Laser Fields; Attosecond Pulses; Quantum and
Atomic Optics; and Engineering of Quantum Information: Int. Conf. on Coherent and
Nonlinear Optics, Minsk, Belarus, 28 May-1 June 2007, SPIE Proceedings Series, 6726,
672632 (1-9), 2007.

[4] S.A. Moskalenko and D.W. Snoke, Bose-Einstein Condensation of Excitons and Biexci-
tons and Coherent Nonlinear Optics with Excitons, Cambridge University Press, Cam-
bridge, New York, 415, 2000.

[5] S.A. Moskalenko, M.A. Liberman, D.W. Snoke, and V.V. Botan, Phys. Rev. B, 66,
245316, (2002).

244




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


