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Abstract We investigate the solitons in the CPN model in terms of the decomposition of
gauge potential. Based on the φ-mapping topological current theory, the charge and posi-
tion of solitons is determined by the properties of the typical component. Furthermore, the
motion and the bifurcation of multi-soliton is discussed. And the knotted solitons in high
dimension is explored also.

1 Introduction

The two-dimensional nonlinear field model have attracted a great deal of interest due to
their important similarities to four-dimensional quantum chromodynamics. One of them is
the CPN model [1–4] where target space is given by the complex projective space CP(N) =
SU(N)/SU(N −1)×U(1). The CPN model is interesting in not only field theory but also the
condensed matter physics, especially in the quantum Hall physics due to the exact solvability
[5, 6]. Furthermore, in differential geometry, the soliton-solutions of CPN models are known
as harmonic maps [7], a rich industry of research on its own.

Among the important features of the model is the gauge structure of the composite
Abelian gauge field Aμ = −iz†∂μz with a normalized CPN spinor z(x). With this dummy
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gauge field the CPN model

S = N

2g2

∫
dx|Dμz|2, Dμz = (∂μ − iAμ)z (1)

is invariant under gauge transformation z → eiα(x)z. Holding this gauge structure, many
skills in gauge field can be employed to discuss the properties of the CPN model. Recently,
the decomposition theory of gauge potential is popular in studying confinement in gauge
field theory [8–17] and the topological soliton [18–20]. By virtue of this theory, many inter-
esting topological information is revealed even without the concrete solution. In this paper
we will analyze the gauge field structure and the topological properties of the CPN model,
and topological charges and the motion of the solitons are discussed.

In next section, we review the CPN model in brief. In Sect. 3, we give the decomposition
of U(1) gauge potential and discuss the soliton based on this decomposition. The moving
and bifurcation of the solitons is studied based on the properties of the typical complex scalar
field. Furthermore, the knotted solitons are considered in the high dimension in Sect. 4. At
last, we present our conclusion.

2 CPN Model and U(1) Gauge Potential

Let us first recall the simplest case (N = 1), i.e., the CP1 model. It is well-known that the
CP1 model is equivalent to the O(3) nonlinear sigma model which is governed by the action

I =
∫

d3x
1

2λ2
∂μna(x)∂μna(x), μ = 0,1,2 (2)

where λ is a coupling constant and the field na(x) satisfies the constraint |�n|2 =∑3
n=1(n

a)2 = 1. By employing the Hopf map �n = Ψ † �σΨ and introducing the U(1) gauge
potential aμ = −iΨ †∂μΨ , the field action can be expressed as

I =
∫

d3x
2

λ2
(DμΨ )†(DμΨ ), (3)

where the covariant derivative Dμ = ∂μ − iaμ.
Generalized to the higher order, we have the CPN model (1) defined by the (N + 1)-

component complex field zT = (z0, z1, . . . , zN) [7]. Here the action is still invariant under
local U(1) transformations

za(x) → za(x)eiα(x), a = 0,1,2, . . . ,N (4)

where α(x) can be an arbitrary real function of x, but the same for all the components a.
From the viewpoint of geometry, any U(1) gauge potential can be regarded as the connec-
tion on principal bundle P (M,U(1),π) on the d-dimensional base manifold M , with its
covariant derivative given by Dμψ = ∂μψ − iAμψ (μ = 0,1,2), where ψ is a section of
the principal bundle. In the U(1) gauge structure, it is a complex function ψ = φ1 + iφ2

where (φ1, φ2) forms a 2-dimensional real vector. In this model, the complex field ψ can be
chosen as one component of spinor z(x).

However, one should notice that only N components are independent since the spinor
z(x) is normalized z(x)†z(x) = 1. As we know, the topological property can be understood
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in the distance due to the Stokes’ theorem. For the CPN soliton, in the distance the nontrivial
components should possess the similar topological property since they describe the same
object. Therefore, it is enough to choose arbitrarily one of those nontrivial components as
the phototype complex scalar field to discuss the soliton. Without loss the generality we may
choose w(x) (l = 1,2, . . . ,N ) as the phototype nontrivial component which satisfies

Dμw = ∂μw − iAμw, w = w1 + iw2. (5)

With the decomposition theory of gauge potential, the U(1) gauge potential can be ex-
pressed with the real field [21] Aμ = εAB∂μmAmB + ∂μθ(A,B = 1,2), where θ is only a
phase factor and mA = wA/

√
wBwB are the unit vector. Here one should notice that this

result is limited to discuss the topological properties since it is exact only in the distance.
For an arbitrary normalized constant spinor z0 we can always rotate it to be one of the fol-
lowing forms (1,0, . . . ,0)T , (0,1,0, . . . ,0)T , . . . , (0,0, . . . ,0,1)T , which share the same
topological information. So we may choose one of them to discuss the topology in the CPN

model. The different choice just means the different direction of spinor in the vacuum. In
the condensed matter physics (for example spinor BEC), such choice is dependent of the
configuration of ground state.

The soliton current is defined as

Jμ = 1

2π
εμνλ∂νAλ, μ = 0,1,2. (6)

With the decomposition of gauge potential one can obtain

Jμ = 1

2π
εμνλεAB∂νm

A∂λm
B, (7)

which is the standard form of the (2 + 1)-dimensional topological current used in many
fields [18, 19, 22, 23]. One should notice that the above current is conserved for the time-
dependent solution comparing to the traditional soliton current which is conserved only for
the static case. Therefore the current (7) is more powerful to study the moving CPN solitons.

Before we discuss the moving CPN solitons, the topological charge should be checked
and compared with the traditional definition [7]. With the current (7) the topological charge
of CPN solitons is

Q =
∫

J 0dx = 1

2π

∫
d2xεμνεAB∂μmA∂νm

B (8)

which should be equivalent to the following definition [7]

Q = 1

2πi

∫
d2xεμν∂μz†∂νz. (9)

It is well-known at the distance the spinor z of one soliton has the form

z = z(0)einϕ (10)

where z(0) is any fixed complex vector with (z(0))†z(0) = 1. Thus the topological charge is
just the winding number

Q = n.
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On the other hand, the nontrivial component w also share the form (10) at the distance

w = |w|einϕ, (11)

then the topological charge will be recovered from (8)

Q = 1

2π

∫
r→∞

dϕ(m1∂ϕm
2 − m2∂ϕm

1) = n. (12)

Therefore the topological information of single soliton is well revealed with the topological
current (7). However the traditional definition is limited in the static case and single soliton
and the rich topological structure of the moving multi-soliton is hidden. In the following we
will discuss the topological structure of the moving CPN solitons.

3 Topological Structure of CPN Solitons

By making use of the φ-mapping topological current theory [18, 19, 22, 23], the current (7)
have the δ-function form which make the defect clear

Jμ = δ2( �w)Dμ

(
w

x

)
, (13)

where Dμ(w/x) = 1
2 εμνλεAB∂νw

A∂λw
B is the Jacobian vector. It is obvious that the solitons

always appear in the zeroes of the �w, so it is necessary to study the zero points of �w to deter-
mine the non-zero solutions of Jμ. One can find that the general solutions of �w(x1, x2, t) = 0
can be expressed as x1 = r1

l (t), x2 = r2
l (t) under the regular condition D0(w/x) �= 0, which

represent the worldlines Ll of lth moving isolated soliton �rl(t) in (2+1)-dimensional space-
time. The location of lth soliton is determined by the lth zero point �rl(t).

In δ-function theory [24] and φ-mapping topological current theory, one can prove that

δ2( �w) =
N∑

l=1

βl

|D(w
x
)|�rl

δ2(�x − �rl), (14)

for a fixed time t . The positive integer βl is the Hopf index of w-mapping [25], which means
that when �r covers the neighborhood of the zero point �rl(t) once, the vector field �w covers
the corresponding region in w-space βl times. Meanwhile the direction vector of soliton is
given by [19]

vi = dxi

dt

∣∣∣∣
�rl

= Di(w/x)

D(w/x)

∣∣∣∣
�rl
, v0 = 1. (15)

Then from (14) and (15) we obtain the inner structure of Jμ:

�J =
N∑

l=1

Wl �vlδ
2(�x − �rl(t)), ρ = j 0 =

N∑
l=1

Wlδ
2(�x − �rl(t)), (16)

where Wl = βlηl is the winding number of �w around the solitons with ηk = sgnD(w/x)�rj =
±1 being the Brouwer degree of w-mapping [26]. The above current shows the movement
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of the solitons in space-time from the viewpoint of topology without any concrete model. It
is easy to check the topological charge of multi-solitons

Q =
∫

ρd2x =
N∑

l=1

Wl =
N∑

l=1

βlηl.

Furthermore the dynamics of moving soliton can be explored qualitatively in terms of the
property of complex scalar field w.

From (16) one can find that the zeros of scalar field w play an important role in studying
the CPN solitons, i.e. the solutions of the following equation

w1(x1, x2, t) = 0, w2(x1, x2, t) = 0. (17)

As we know before, if the Jacobian

D

(
w

x

)
= ∂(w1,w2)

∂(x1, x2)
�= 0, (18)

we will have the isolated solutions x1 = x1(t), x2 = x2(t) of (17). However, when the con-
dition (18) fails, the usual implicit function theorem is of no use. The above results will
charge in some way and will lead to the branch process. We denote one of the zero points as
(t∗, �zl). If the Jacobian D1(w

x
)|(t∗,�zl ) �= 0, we can use the Jacobian D1(w

x
) instead of D(w

x
)

for the purpose of using the implicit function theorem. Then we have an unique solution of
(17) in the neighborhood of the points (t∗, �zl)

t = t (x1), x2 = x2(x1), (19)

with t∗ = t (z1
l ). And we call the critical points (t∗, �zl) the limit points. In the present case,

it is easy to know that

dx1

dt

∣∣∣∣
(t∗,�zl )

= D1(w/x)|(t∗,�zl )

D(w/x)|(t∗,�zl )

= ∞, or
dt

dx1

∣∣∣∣
(t∗,�zl )

= 0. (20)

The Taylor expansion of the solution of (19) at the limit point (t∗, �zl) is [20]

t − t∗ = 1

2

d2t

(dx1)2

∣∣∣∣
(t∗,�zl )

(x1 − z1
l )

2 (21)

which is a parabola in the x1 − t plane. From (21), we can obtain two solutions x1
1 (t) and

x1
2 (t), which give two branch solutions (worldlines of vortices) of (17). If d2t

(dx1)2 |(t∗,�zl ) > 0,

we have the branch solutions for t > t∗, otherwise, we have the branch solutions for t < t∗.
These two cases are related to the origin and annihilation of vortices, and one will find
that the velocity of solitons is infinite when they are annihilating or generating, which is
gained only form the topology of the scalar field. Since the topological charge of solitons is
identically conserved (7), the topological index of two solitons must be opposite at the limit
point, i.e., ηl1 = −ηl2 .

Furthermore, if we require D1(φ/x)|(t∗,�zl ) = 0 beside D(φ/x)|(t∗,�zl ) = 0, which means
that the function relationship between t and x1 is not unique in the neighborhood of the
bifurcation point (t∗, �zl), i.e., the velocity field of solitons is indefinite at the point (t∗, �zl).
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Next, we will find a simple way to search for the directions of all branch curves (or velocity
field of solitons) at the bifurcation point. Assume that the bifurcation point (t∗, �zl) has been
found from, then the Taylor expansion of the solution in the neighborhood of the bifurcation
point (t∗, �zl) can be expressed as [20]

A(x1 − z1
1)

2 + 2B(x1 − z1
1)(t − t∗) + C(t − t∗)2 = 0, (22)

which leads to

A

(
dx1

dt

)2

+ 2B
dx1

dt
+ C = 0, (23)

and

C

(
dt

dx1

)2

+ 2B
dt

dx1
+ A = 0, (24)

where A,B and C are three parameters determined by the configuration of typical compo-
nent around the solitons. The solutions of (23) or (24) give different directions of the branch
curves (worldlines of solitons) at the bifurcation point.

The remainder component dx2/dt can be given by

dx2

dt
= f 2

1

dx1

dt
+ f 2

t

where partial derivative coefficients f 2
1 and f 2

t have been calculated [20]. From these re-
lations we find that the values of dx2/dt at the bifurcation point (t∗, �zl) are also possible
different because (24) may give different values of dx1/dt. The above solutions reveal the
evolution of solitons. Besides the encountering of the solitons, i.e., two solitons encounter
and then depart at the bifurcation point along different branch point, it may split into several
solitons along different branch curves. On the contrary, several solitons can merge into one
soliton at the bifurcation point. The identical conversation of the topological charge shows
the sum of the topological charge of final solitons must be equal to that of the initial solitons
at the bifurcation point, i.e.,

∑
f

βjf ηjf =
∑

i

βji ηji , (25)

for fixed j . Furthermore, from above studies we see that the generation, annihilation and
bifurcation of solitons are not gradual charges, but start at a critical value of arguments, i.e.
a sudden charge.

4 Knotted Solitons in the CPN

In this section, we discuss the closed linear topological object, knot, in the CPN model. It is
easy to prove that in the 3-dimensional space the soliton current can be expressed as

Jμ =
N∑

l=1

Wl

∫
L1

dxμ

ds
δ3(�x − �rl)ds. (26)
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Using (26), Hopf number becomes

H =
∫

AμJμd3x =
N∑

l=1

Wl

∫
Ll

Aμdxμ. (27)

It can be seen that when these N vortex lines are N closed curves, i.e., a family of N knots
γl (l = 1, . . . ,N), (27) leads to

H =
N∑

l=1

Wl

∮
γl

Aμdxμ = c2
1, (28)

which indicates that the Hopf number describes the knots and is a topological invariant [27].
Consider the U(1) gauge transformation of Aμ [28]:

A′
μ = Aμ + ∂μα, (29)

where α ∈ R is a phase factor denoting the U(1) transformation. It is seen that the (∂μα) term
in (29) contributes nothing to the integral H, hence the expression (28) is invariant under
the gauge transformation. Therefore one can conclude that H is a topological invariant for
the knotlike vortex lines [29]. Furthermore, it is proven that [30]

H = 2π

[
N∑

k=1

W 2
k SL(γk) +

N∑
k,l=1 (k �=l)

WkWlLk(γk, γl)

]
, (30)

where SL(γk) is the self-linking number of knot γk and Lk(γk, γl) is the linking number of
two knots γk and γl . This result shows that the Hopf number describes the linking number
of knots correctly [29, 31–36]. Since the self-linking and the linking numbers are both the
invariant characteristic numbers of the knotlike closed curves in topology, I is an important
invariant required to describe the knotlike vortex lines in CPN model.

5 Conclusion

In this paper, we mainly discussed the different topological defects in the CPN model.
Firstly, the point-like CPN soliton, characterized by the first Chern class, is discussed and the
corresponding inner topological structure is presented. By virtue of the φ-mapping topolog-
ical current theory, we find that the solitons are created from the zero points of the typical
component of the spinor field z. And the bifurcation of solitons is discussed without the
concrete solutions. Secondly another topological object, knot which is famous in the field of
physics and mathematics, is considered in the high dimensional spacetime. We show that this
Hopf invariance is just the linking number of many knots in the system in the 3-dimensional
space. At last, we want to point out that these topological structures can all be characterized
by the φ-mapping topological numbers–Hopf indices and Brouwer degrees, and their loca-
tions and motions can be rigorously determined by φ-mapping topological current theory.

Acknowledgements This work was supported by the National Natural Science Foundation of China under
Grant Nos. 10604024, 10435080, 10575123, the CAS Knowledge Innovation Project Nos. KJcx.syw.N2,
KJcx2-sw-N16, and the Natural Science Foundation of Shanghai Municipal Science Technology Commission
under grant Nos. 04ZR14059 and 04dz05905.



Int J Theor Phys (2007) 46: 3234–3241 3241

References

1. Eichenherr, H.: Nucl. Phys. B 146, 215 (1978)
2. Golo, V., Perelomov, A.: Phys. Lett. B 79, 112 (1978)
3. D’Adda, A., Di Vecchia, P., Luscher, M.: Nucl. Phys. B 146, 63 (1978)
4. Witten, E.: Nucl. Phys. B 149, 285 (1979)
5. Pruisken, A.M.M.: In: Prange, R.E., Girvin, S.M. (eds.) The Quantum Hall Effect, p. 117. Springer, Berlin

(1987)
6. Pruisken, A.M.M.: Phys. Rev. Lett. 61, 1297 (1988)
7. Rajaraman, R.: Solitons and Instantons. North-Holland, Amsterdam (1989)
8. Cho, Y.M.: Phys. Lett. B 81, 25 (1979)
9. Cho, Y.M.: Phys. Rev. D 21, 1080 (1980)
10. Cho, Y.M.: Phys. Rev. D 62, 074009 (2000)
11. Cho, Y.M.: Phys. Rev. Lett. 46, 302 (1981)
12. Cho, Y.M.: Phys. Rev. D 23, 2415 (1981)
13. Bae, W.S., Cho, Y.M., Kimm, S.W.: Phys. Rev. D 65, 025005 (2002)
14. Faddeev, L., Niemi, A.J.: Nature 387, 58 (1997)
15. Faddeev, L., Niemi, A.J.: Phys. Rev. Lett. 82, 1624 (1999)
16. Faddeev, L., Niemi, A.J.: Phys. Lett. B 449, 214 (1999)
17. Faddeev, L., Niemi, A.J.: Phys. Lett. B 464, 90 (1999)
18. Duan, Y.S., Ge, M.L.: Sci. Sin. 11, 1072 (1979)
19. Duan, Y.S., Zhang, H., Li, S.: Phys. Rev. B 58, 125 (1998)
20. Duan, Y.S., Li, S., Yang, G.H.: Nucl. Phys. B 514, 705 (1998)
21. Duan, Y.S., Yang, G.H., Jiang, Y.: Gen. Relativ. Gravit. 29, 715 (1997)
22. Zhang, P.M., Cao, L.M., Duan, Y.S., Zhong, C.K.: Phys. Lett. S 326, 375 (2004)
23. Zhang, P.M., Duan, Y.S., Cao, L.M.: Mod. Phys. Lett. A 18, 2587 (2003)
24. Schouten, J.A.: Tensor Analysis for Physicists. Clarendon, Oxford (1951)
25. de Vega, H.J.: Phys. Rev. D 18, 2945 (1978)
26. Milnor, J.: Topology from the Differential Viewpoint. University of Virginia, Charlottesville (1966)
27. Eguchi, T., Gilkey, P.B., Hanson, A.J.: Phys. Rep. 66, 213 (1980)
28. Nash, C., Sen, S.: Topology and Geometry of Physicists. Academic Press, New York (1983)
29. Witten, E.: Commun. Math. Phys. 121, 351 (1989)
30. Duan, Y.S., Liu, X., Fu, L.B.: Phys. Rev. D 67, 085022 (2003)
31. Moffatt, H.K.: J. Fluid. Mech. 35, 117 (1969)
32. Niemi, A.J.: Phys. Rev. D 61, 125006 (2000)
33. Kozhevnikov, A.A.: Phys. Rev. D 52, 6043 (1995)
34. Kozhevnikov, A.A.: Phys. Rev. D 59, 085003 (1999)
35. Kozhevnikov, A.A.: Phys. Lett. B 461, 256 (1999)
36. Duan, Y.S., Liu, X., Fu, L.B.: Phys. Rev. D 67, 085022 (2003)


	Topological Solitons in the CPN Model
	Abstract
	Introduction
	CPN Model and U(1) Gauge Potential
	Topological Structure of CPN Solitons
	Knotted Solitons in the CPN
	Conclusion
	Acknowledgements

	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 0.1000
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


