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Abstract Motivated by recent experiments (Vengalattore et al. in Phys. Rev. Lett.
100: 170403, 2008; Vengalattore et al., arXiv:0901.3800), we study quasi 2D ferro-
magnetic condensates with various aspect ratios. We find that in zero magnetic field,
dipolar energy generates a local energy minimum with all the spins lie in the 2D plane
forming a row of circular spin textures with alternating orientation, corresponding
to a packing of vortices of identical vorticity in different spin components. In a large
magnetic field, the system can fall into a long lived dynamical state consisting of an
array of elliptic and hyperbolic Mermin-Ho spin textures, while the true equilibrium
is an uniaxial spin density wave with a single wave-vector along the magnetic field,
and a wavelength similar to the characteristic length of the long lived vortex array
state.

Keywords Spinor condensate · Dipolar interaction · Bose-Einstein Condensate ·
Gross Piteavskii equation

The condensates of bosons with non-zero spins, known as spinor condensate, are re-
markable superfluids. In addition to broken gauge symmetry, they also have broken
symmetries in spin space. The spin degrees of freedom lead to a variety ground states,
which proliferates rapidly as the value of spin increases. Since different spin compo-
nents can be mixed through spin rotation, there is considerable interplay between spin
and gauge degrees of freedom, leading to a whole host of new macroscopic quantum
phenomena.
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The simplest spinor condensates are those for spin-1 bosons, such as the F = 1 hy-
perfine states of 23Na and 87Rb. The ground state of 23Na is a non-mangetic “polar”
condensate whereas 87Rb is a ferromagnetic condensate [3–7]. In the case of fer-
romagnetic condensates, they possess an additional “spin-gauge” symmetry which
makes non-uniform spin textures behave like vortices [8]. The system can respond
to external rotation through spin deformation. Any attempt to bend the spin will also
generate vorticity.

The magnetic nature of spinor condensates naturally leads to the consideration of
dipolar energy, which is intrinsic to alkali atoms. Since dipole energy can generate
non-uniform spin textures, it will generate vorticity. Indeed, Yi and Pu have shown
that a 87Rb condensate in a sufficiently flat cylindrical potential will form a circular
spin texture, which is a vortex of ferromagnetic condensate with a polar core [9].
Recently, experiments at Berkeley have shown that a 87Rb condensate with a helical
texture can decay into a random spin textures [1]. By estimating the energy of the
final state, the authors suggest that the phenomenon is caused by dipolar energy. More
recently, the Berkeley group has found that a pancake like condensate of 87Rb can
develop a texture with periodically modulated spin-spin correlation rotating rapidly
about an in-plane magnetic field [1, 2]. They suggest that this effect is also due to
dipolar energy.

Dipolar effects are highly geometry dependent. In this paper, we would like to
point out that some key features of quasi 2D 87Rb condensate due to dipolar in-
teractions. Much of what we discuss also apply to other ferromagnetic conden-
sates. We shall consider an anisotropic trap with frequencies ωz � ωy > ωx , as
in Refs. [1, 2, 10]. The condensate is then a thin anisotropic slab in the xy-plane
with Thomas-Fermi radii Rx,Ry such that Rx/Ry = (ωy/ωx) ≡ λ, (λ ∼ 10 In
Refs. [1, 2, 10]). In our discussions, we choose the normal to the condensate
slab, ẑ, to be the spin quantization axis for the condensate wavefunction �T =
(ψ1,ψ0,ψ−1), where the superscript “T ” stands for transpose. We shall show
that:

(1) In zero magnetic field, dipolar energy leads to a local energy minimum consisting
of a row of circular spin textures with alternating spin orientations in the long
direction x, with all the spins in the xy-plane. These textures are of the Yi-Pu
type [9], with a polar core and a size determined by the Thomas-Fermi radius
in the short direction, Ry . This state amounts to an array of vortices in identical
vorticity in the ψ1 component, with ψ−1 being its time reversed partner. We have
also found an analytic expression that well approximates this state.

(2) In a large magnetic field B in the xy-plane, the spins rotate about B̂ and experi-
ence a time averaged dipolar energy. We find that this energy is very flat in spin
space around a class of textures which is an array of elliptical and hyperbolic
Mermin-Ho vortices. These states are not local minima. They will eventually
evolve to the true minimum, which is an a uniaxial spin density wave (or “stripe
phase” for short) with a single wave-vector along B̂. Due to the flatness of the en-
ergy surface, the vortex lattice textures will be very long lived during dynamical
evolutions.
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1 Basic Structures

We first consider some spin textures relevant for later discussions. We shall write the
condensate wavefunction as �μ(x) = √

n(x)ζμ(x), where n(r) = ∑
μ |�μ|2 is the

density, and ζ † · ζ = 1. The spin field is given by S = �∗
μFμν�ν = n(x)m(x) where

Fμν is the spin operator, and m = ζ ∗
μFμνζν . The general form of a ferromagnetic

condensate is

ζ T = eiγ (u2,
√

2uv, v2) or

√
2ψ1

ψ0
= ψ0√

2ψ−1
(1)

where u = e−iα/2 cosβ/2, v = eiα/2 sinβ/2. The spin is m = cosβ ẑ+ sinβ(cosαx̂+
sinαŷ), and m2 = 1. If the spin lies in the xy-plane, then |u| = |v| = 1/

√
2, (or

|ψ1|2 : |ψ0|2 : |ψ−1|2 = 1 : 2 : 1), ζ then reduces to ζ T = eiγ (e−iα,
√

2, eiα)/2. The
following cases are of interest to us. (Below, (r,φ) are polar coordinates.)

(i) Elliptic planar texture: This corresponds to �T (x, y) = √
n(∓ie−iφf (r),

√
2,

±ieiφf (r)), where f (r) vanishes at r = 0 and becomes 1 beyond a healing
length ξ . This describes a ferromagnet (∓ie−iφ,

√
2,±ieiφ)/2 (at large dis-

tance) with a polar core (0,1,0) (at r = 0). All spins line up in circles in the
xy-plane, with a magnitude |m| shrinks from 1 to zero as r → 0, (a “meron”).
This is the state found by Yi and Pu [9]. Figures 1a and 1b show the spin tex-
tures of � with upper and lower sign, which have opposite spin orientations.
Note that reversing spin orientation does not alter the phase winding (or circula-
tion) of each spin component.

(ii) Hyperbolic planar texture: This is the same as (i) except with φ → −φ. See
Figs. 1c and 1d.

(iii) Elliptic Mermin-Ho texture [11]: This corresponds to �T = √
n(cos2 β(r)

2 ,

i
√

2eiφ cos β(r)
2 sin β(r)

2 ,−e2iφ sin2 β(r)
2 ) where β(r) is an increasing function

of r starting with β(0) = 0. As r increases from 0 to a distance where β = π/2,
ζ changes from (1,0,0) to (1, i

√
2eiφ,−e2iφ), which has the same circular spin

Fig. 1 (a) and (b) are elliptic planar textures with identical vorticity in ψ1 and ψ−1. (c) and (d) are
hyperbolic planar spin textures with identical vorticity. All these spin textures (a)–(d) have a polar core.
(e) and (f) are elliptic and hyperbolic Mermin-Ho textures. The cores are fully ferromagnetic
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texture as (i) at large distance. It differs from (i) in that it is everywhere fer-
romagnetic. Vortex singularities can be eliminated without damaging the ferro-
magnetic order. See Fig. 1e.

(iv) Hyperbolic Mermin-Ho texture: This is the same as (iii) with φ → −φ.

2 Energetic Considerations

We shall discuss the zero field case at zero temperature. Although B 	= 0 in current
experiments, we first discuss this case because of its fundamental importance. In zero

magnetic field, the energy is E[�] = T + V + U + VD , where T = ∫
�

2

2M
∇|�μ|2 is

the kinetic energy, V = ∫
V (x)n(x) is harmonic trap, V (x) = 1

2M(ω2
xx

2 + ω2
yy

2 +
ω2

zz
2), U = ∫ 1

2 [con
2 + c2S2] describes density repulsion (c0 > 0) and ferromagnetic

interaction (c2 < 0) [3–7], VD = 1
2gD

∫
Si(x)Dij (x − x′)Sj (x′) is the dipolar energy,

where Dij (x) = δij /x
3 −3xixj /x

5, gD = γ 2, γ = gF μB , gF = −1/2 is the magnetic
g-factor, and μB is the Bohr magneton. Noting that Dij (x) = −∇i∇j

1
|x| − 4π

3 δij δ(x),
we have

VD = gD

2

[∫

x,x′
Q(x)Q(x′)

|x − x′| − 4π

3

∫

x
S2(x)

]

, (2)

where Q(x) = ∇ · S(x). The first term in (2) is positive definite, the optimum spin
configuration is the one that satisfies ∇ · S = 0 while keeping |m| = 1 to gain maxi-
mum ferromagnetic energy. The difficulty in finding the equilibrium textures is that
these two conditions are not always compatible.

For 87Rb, c2/c0 = 0.005 [1], the healing length for spin is much longer than that
for density, and exceeds the thickness of the “pancake” condensates. The spin degrees
of freedom is effectively 2D, in the sense that

�μ(x, y, z) = √
n(x, y, z)ζμ(x, y), (3)

and m depends only on (x, y). Since n(x) is mirror symmetric about the xy-plane, the
term QQ in (2) can be replaced by Q//(x)Q//(x′)+Q⊥(x)Q⊥(x′), where Q//(x) =
mz(x⊥)∂zn(x), and Q⊥(x) = ∇⊥ ·S⊥(x), ∇⊥ = (∇x,∇y), S⊥ = (Sx, Sy). The energy
is minimized by mz = Q⊥ = 0, or simply ∇⊥ · S = 0 with S in the xy-plane. In
regions where density is uniform, these conditions can be satisfied by the elliptic
planar texture (i) mentioned above. Indeed, circular spin alignment are prevalent in
all cases we studied. Their presence, however, often require some fractions of their
hyperbolic counterparts to facilitate their close packing, even though the latter are not
as energetically favorable.

3 Our Calculation

For simplicity, we take the density to be a Gaussian along z and Thomas-Fermi
in xy-plane, n(x, y, z) = w(z)2nFT (x, y), where w(z) = e−z2/2d2

/(π1/4d1/2), d is
the width of the condensate along z, and nT F (r) = [μ − 1

2 (Mω2
xx

2 + Mω2
yy

2)]/c̃o,
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c̃o = co/(
√

2πd), r = (x, y), and μ is the chemical potential determined by the
total number of particles. We have ignored the effect of c2 on the density since
c2/c0 = 0.005 [1]. With this density, all the variational variables are contained in ζ .
Since ζ is a three component complex vector, it is described by six real fields. The
normalization of ζ reduces the number of independent real fields to five, which we
denoted as {Xi(r), i = 1, . . . ,5}. The energy E[�] is therefore a function of these
five fields E[�] = E[{Xi}], and the equilibrium condition is given by δE/δXi = 0.

To locate the energy minima, we use the standard numerical “relaxation”
scheme to evolve the variables Xi(r) by a fictitious dissipative dynamics
dXi(r, t)/dt = −�i

δE[Xj ]
δXi(r,t)

, where �i > 0. The evolution guarantees that dE/dt =
− ∫

dr
∑5

i=1 �i(δE/δXi(r, t))2 < 0, it forces the energy to decrease, coming to a
stop only when a local minimum (δE/δXi = 0) is reached. Starting this evolution
with different initial conditions, one can locate the energy minimum while mapping
out the energy surface in the space of ζ(r), or {Xi(r)}.1 The parameters �i are cho-
sen to ensure fast convergence. They are merely mathematical devices to enable the
evolution to reach the minimum efficiently, and are not related to any physical para-
meters. Many phenomena are found in these evolution, from which we have reached
the conclusions in the next two sections. In particular, we would like to point out
that some very tricky points in this evolution. We find that the derivative

δE[Xj ]
δXi(r,t)

can
change by six orders of magnitude during the evolution, the most rapid change corre-
sponds to creation and disappearance of topological structures. Because of this rapid
change, special adjustment of the time step has to be made in order to ensure the
accuracy of the evolution. In the case of zero magnetic field, the convergence of the
evolution is reasonably fast, typically takes a day on a fast laptop. In the case of large
magnetic field (discussed in Sect. 5 below), one encounters some very slow evolu-
tion, it can take up to a week for the system to converge. The slow evolution indicates
that the derivative

δE[Xj ]
δXi(r,t)

is almost vanishing, meaning that the energy surface has a
very flat portion.

4 Zero Field Case

We have performed imaginary time evolution for a system with 106 particles for
different aspect ratios λ and different initial states: random configurations, spiral spin
textures, and vortex lattice textures. In all cases, the final state is either a uniform
texture, or a state �(o) with a row of circular planar texture (type (i) in Sect. 1 with
alternating orientations. The texture for the λ = 10 case is shown Fig. 2. All the spins
indeed lie in the xy-plane as discussed in Sect. 2.

Based on the discussions in Sect. 1, we find that our numerical result �(o) can be
described accurately by

�̃(x, y, z)T = √
n(ei�(r)f (r),

√
2, e−i�(r)f (r)) (4)

1We use the parameters similar to those in Refs. [1, 2]: Atom number N ∼ 3 × 106, (ωx,ωy,ωz) =
2π(3.9,39,440) Hz, B = 150 mG, c2n0 = −h (10.7 Hz) where n0 is the peak density, gD/c2 = 0.08.
Quadratic Zeeman shift at this field is q = h (1.5 Hz), or 2q/�ωy = 0.1. Defining the dipolar length ξD as
gDn = �

2/(2Mξ2
D

), we find ξD ∼ 10 µm. We thank Dr. Vengalattore for these information.
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Fig. 2 The middle section of the texture of an energy minimum of a system with aspect ratio λ = 10 in
zero magnetic field. The state consists of a row of elliptic planar textures with alternating spin orientations.
All spins lies in the xy-plane. See Figs. 1a and 1b

where n = w2(z)nT F (r), r = (x, y), �(r) is the phase angle of the 1D vortex lattice,

�(x,y) = π/2 + arg P (z), z = x + iy, (5)

and P (z) = ∏
n(z − a − nb), n = 0,±1,±2, . . . ,±M is a polynomial describing an

array of vortices of identical circulation centered at x = a, separated by distance b

along the x axis. We find that when λ is an odd (even) integer, a = 0 (a = b/2). M is
the smallest integer such that (M + 1)b > Rx . The function f describes the vortex
core with size ξ .2 For all aspect ratios we examined, the optimal value of b (the size
of the circular planar unit) and ξ (core size ) is found to be ∼1.5 and ∼0.25 in units
of Ry (the shorter Thomas-Fermi in the xy-plane.

The packing of vortices with identical vorticity in both ψ̃1 and ψ̃−1 may seem
surprising, for it costs kinetic energy. The reason is that this is the only packing that
leads to circular spin textures, which is strong favored by dipolar energy. With dipolar
energy scales as n2 and kinetic energy scales as n, the condensate wavefunction will
be determined by the former. Our calculations show that the vortex row state �(o) is
the ground state for λ ≤ 2. For λ > 2, the ground state is a uniform spin texture along
x̂, while �(o) is a local minimum.3

5 A Large Magnetic Field B

In a magnetic field B, the energy acquires linear and quadratic Zeeman shift,
E1 = − ∫

γ B · �∗
μFμν�ν and E2 = ∫

q�∗
μ(B̂ · F)2

μν�ν . For sufficiently large mag-
netic field, the spin texture of the system will rotate about B. In the frame rotating
about B̂ with Lamor frequency, the linear Zeeman shift is transformed away. Dipolar

2We take f (r) = tanh2(r/ξ). The quadratic power is due the spin mixing term in the Gross-Pitaevskii
equation. The angle π/2 in (5) is crucial for creating a circular spin texture. The opposite orientation of
the neighboring circular units in see Fig. 2 is due to the change of sign of P (z) as one passes through a
vortex from left to right.
3The energy of the vortex row state �(o) is basically a sum of the “self” energy of individual circular
spin textures. Their interaction energy can be ignored because the effective “dipole moment” of each unit
is essentially zero. On the other hand, a uniform texture can be viewed as an 1D array of “giant dipoles”
obtained by turning each circular spin unit in the original circular spin array into a unit uniform texture.
While each of these “dipole” has higher self energy than the circular unit, they interact much strongly with
each other. As λ increases, the interaction energy in the uniform spin units will outweigh the self energy
of the circular units. The switch appears at λ = 2.
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Fig. 3 The middle section of the texture of the equilibrium state of E for a system with aspect ratio λ = 10

energy, however, acquires time dependent terms in this frame that oscillates with the
Lamour frequency. Over times much longer than the Lamor cycle, the system sees an
averaged dipolar energy V ′

D = ∫
Si(r)Di,j (r − r′)Sj (r′), where

Di,j (x) = (3B̂iB̂j − δij )

2|x|3
(

1 − 3(B̂ · x)2

|x|2
)

. (6)

The total time averaged energy is then E = T + V + U + VD + E2. Note that E

conserves B̂ ·∫ S. In Refs. [1, 2], B̂ is aligned with x̂ up to a few degrees. The observed
state with periodic spin texture is found to have

∫
Sx ∼ 0 and with most spins lie

perpendicular to x̂.
To search for the stationary states of E with

∫
Sx ∼ 0, we performed the dissipa-

tive dynamics mentioned in Sect. 3 with a great variety of initial conditions. Depend-
ing on the quadratic Zeeman energy (q), two types of stationary state emerge. For
q/�ωy > (q/�ωy)c ∼ 0.1, the equilibrium state is an uniaxial spin density wave with
S(r) = ẑ cos(KB̂ · r). For the parameters used in footnote 1, we find a wavelength
2π/K ∼ 12.5ay ∼ 25 µm, (ay = √

�/(Mωy)) and is independent of the angle be-

tween B̂ and x̂. For q/�ωy < (q/�ωy)c , the system will settle in a state consisting of
two large uniform spin domains along x̂ and −x̂, with a pair of elliptic and hyperbolic
Mermin-Ho textures sandwiched in between (Fig. 3).

In additional to these two equilibrium states, we also find a class of spin textures
which are essentially distorted vortex lattices which remain in the imaginary time
evolution for a very long time, reflecting the flatness of the energy surface in the
neighborhood of these states. The underlying structure of these distorted lattice are
pairs of elliptic and hyperbolic MH vortices (see Fig. 4), with essentially zero spin
projection along x̂,

∫
Sx/N ∼ 10−3. These states remain long lived for q/�ωy < 0.2

and begin to evolve more rapidly toward the stripe phase as q increases. We have
calculated the spin-spin correlation function G(r) as defined in Ref. [1] for the vortex
arrays in Fig. 4. The result is shown in Fig. 5 where bright color represents a high
value of G(r). The underlying lattice structure of the disordered spin texture Fig. 4
shows up a lattice of bright spots in Fig. 5.

In Fig. 6, we have plotted |S(K)|2, where S(K) is the Fourier transform of spin
texture S(r) shown in Fig. 4. The almost periodic structure in real space shows up as
intense spots in K-space. Taking the brightest spot closest to the origin on the right,

we find (ay/λx, ay/λy) ∼ (0,0.08), or
√

λ2
x + λ2

y ∼ 25 µm, comparable to the period
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Fig. 4 (Color online) A long lived state of the time average energy E—an array of elliptic and hyperbolic
Mermin-Ho vortex pair

Fig. 5 Spin-spin correlation of the state in Fig. 4. Note that the bright spots form an almost square lattice

Fig. 6 |S(K)|2 of the state in Fig. 4; K = 2π(λ−1
x , λ−1

y )
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found in the stripe phase, and is the same order of the “dipolar length” (see foot-
note 1). We note that the corresponding plot in Ref. [1] shows a length scale ∼10 µm,
differing from our result by a factor of 2. This difference may be due to our Gaussian
approximation of the actual density normal to the plane, which will contribute to sys-
tematic errors in the energies of all textures. However, such systematic error will not
change the fact that both the stripe phase and the spin lattice textures have similar
length scales—a property that can be verified by experiments.

Since the long lifetime in this dissipative evolution is due to the almost vanishing
δE/δζ , similar long lifetime will also occur in real time evolution as it is driven by the
same derivative. Our findings, which are consistent with those in Refs. [1, 2], suggest
that the observed periodic structure is a long lived dynamical state. They also predict
two equilibrium configurations: a row of alternating circular spin texture in zero field,
and a single wavevector spin stripe phase in large magnetic field. Our method is also
applicable to other dipolar condensates .

We thank Dan Stamper-Kurn and Mukund Vengalattore for discussions. This work
is supported by ARO Grant W911NF0710576 for the DARPA OLE Program, and by
NSF Grants PHY-05555576, DMR0705989.

References

1. M. Vengalattore et al., Phys. Rev. Lett. 100, 170403 (2008)
2. M. Vengalattore et al., arXiv:0901.3800
3. T.L. Ho, Phys. Rev. Lett. 81, 742 (1998)
4. J. Stenger et al., Nature 396, 345 (1998)
5. M.-S. Chang et al., Nat. Phys. 1, 111 (2005)
6. J. Kronjager et al., Phys. Rev. Lett. 97, 110404 (2006)
7. L. Sadler et al., Nature 443, 312 (2006)
8. T. Ohmi, K. Machida, J. Phys. Soc. Jpn. 67, 1822 (1998)
9. S. Yi, H. Pu, Phys. Rev. Lett. 97, 020401 (2006)

10. M. Vengalattore et al., Phys. Rev. Lett. 98, 200801 (2007)
11. N.D. Mermin, Tin-Lun Ho, Phys. Rev. Lett. 36, 594 (1976)

http://arxiv.org/abs/arXiv:0901.3800

	Spontaneous Vortex Lattices in Quasi 2D Dipolar Spinor Condensates
	Abstract
	Basic Structures
	Energetic Considerations
	Our Calculation
	Zero Field Case
	A Large Magnetic Field B
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


