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Abstract We have investigated the model of dark energy
interacting with dark matter by choosing inhomogeneous
equations of state for the dark energy and a nonlinear in-
teraction term for the underlying interaction. The equations
of state have dependencies either on the energy densities,
the redshift, the Hubble parameter or the bulk viscosity. We
have considered these possibilities and have derived the ef-
fective equations of state for the dark energy in each case.

1 Introduction

One of the outstanding developments in astrophysics in the
past decade is the discovery that the expansion of the uni-
verse is accelerated, supposedly driven by some exotic vac-
uum energy [1–5]. Surprisingly, the energy density of the
vacuum energy is two-third of the critical density (Ω� �
0.7) apart from dark matter (Ωm � 0.3). The astrophysi-
cal data suggest that this change in the expansion history
of the universe is marginally recent (z � 0.7) compared
with the age of the universe. The nature and composition
of dark energy is still unresolved, but by using thermody-
namical considerations it is conjectured that the constituents
of dark energy may be massless particles (bosons or fermi-
ons) whose collective behavior resembles a kind of radia-
tion fluid with negative pressure. Moreover, the tempera-
ture of the universe filled with dark energy will increase as
the universe expands [6]. The earliest proposal to explain
the recent accelerated expansion was the cosmological con-
stant � represented by the equation of state (EoS) p = −ρ

(or ω = −1) having a negative pressure. In order to com-
ply with the data, the cosmological constant has to be fine
tuned up to 56 to 120 orders of magnitude [7], which re-
quires extreme fine tuning of several cosmological parame-
ters. It also posed the coincidence problem in cosmology
(the question of explaining why the vacuum energy came to
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dominate the universe very recently) [8]. This latter prob-
lem is addressed through the notion of a tracker field Q, in
which the tracker field rolls down a potential V (Q) accord-
ing to an attractor-like solution to the equations of motion
[9]. But here the field has difficulties reaching ω < −0.7,
while current observations favor ω < −0.78 with 95% con-
fidence level [10]. It is shown that a quintessence scalar field
coupled with either a dissipative matter field, a Chaplygin
gas (CG) or a tachyonic fluid solves the coincidence prob-
lem [11]. These problems are alternatively discussed using
anthropic principles as well [12]. Several other models have
been proposed to explain the cosmic accelerated expansion
by introducing a decaying vacuum energy [13, 14], a Car-
dassian term in the Friedmann–Robertson–Walker (FRW)
equations [15], a generalized Chaplygin gas (GCG) [16] and
a phantom energy (ω < −1) arising from the violation of
energy conditions [17–19]. Another possibility is the ‘geo-
metric dark energy’ based on the Ricci scalar R represented
by � = R/12H 2, where H is the Hubble parameter [10].
Notice that � > 1/2 represents accelerated expansion, and
� > 1 gives a super-accelerated expansion of the universe,
whereas presently � = 1/2.

Models based on dark energy interacting with dark matter
have been widely investigated [20–31]. These models yield
stable scaling solution of the FRW equations at late times
of the evolving universe. Moreover, the interacting CG al-
lows the universe to cross the phantom divide (the transi-
tion from ω > −1 to ω < −1), which is not permissible in
pure CG models. In fact, it is pointed out that a phantom di-
vide (or crossing) is possible only if the cosmic fluids have
some interaction [32]. It is possible that this interaction can
arise from the time variation of the mass of dark matter par-
ticles [33]. It is shown that the cosmic coincidence prob-
lem is fairly alleviated in the interacting CG models [34].
This result has been endorsed with interacting dark energy
in [35]. There is a report that this interaction is physically
observed in the Abell cluster A586, which in fact supports
the GCG cosmological model and apparently rules out the
�CDM model [36]. However, a different investigation of
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the observational H(z) data rules out the occurrence of any
such interaction and favors the possibility of either more ex-
otic couplings or no interaction at all [37]. In this context,
we have investigated the interaction of the dark energy with
dark matter by using a more general interaction term. We
have focused on the inhomogeneous EoS for dark energy as
these are phenomenologically relevant.

The outline of the paper is as follows. In the next section,
we present a general interacting model for our dynamical
system. In the third section, we derive the effective EoS for
the interacting dark energy by employing different inhomo-
geneous EoS, having dependencies on various cosmological
parameters. Finally, we present our conclusion.

2 The interacting model

We assume the background to be a spatially homogeneous
and isotropic FRW spacetime, given by

ds2 = −dt2 + a2(t)

[
dr2

1 − kr2
+ r2(dθ2 + sin2 θ dφ2)] , (1)

filled with the two component fluid namely dark energy and
dark matter. Here a(t) is the scale factor and k = −1,0,1
represents the spatially hyperbolic, flat or closed universe,
respectively. The corresponding Einstein field equation is

H 2 ≡
(

ȧ

a

)2

= κ

3
ρ − k

a2
, (2)

where κ = 8πG and ρ = ρ� + ρm. Moreover, the energy
conservation for our gravitational system is given by

ρ̇ + 3H(ρ + p) = 0, (3)

where p = p� = ω�ρ� and pm = 0 or ωm = 0. We assume
a special form of the interaction Q = Γρ� between dark
energy and dark matter, where Γ is the decay rate. Then (3)
can be subdivided into two parts, corresponding to ρ� and
ρm as follows:

ρ̇� + 3H(1 + ω�)ρ� = −Q, (4)

ρ̇m + 3Hρm = Q, (5)

respectively. Equations (4) and (5) show that the energy con-
servation for dark energy and matter would not hold inde-
pendently if there is interaction between them but would
hold globally for the whole interacting system as is mani-
fest in (3). We further define the density ratio rm, by a form
of scaling relation, by rm ≡ ρm/ρ�. To study how this den-
sity ratio evolves with time, we differentiate rm with respect
to t :

ṙm = drm

dt
= ρm

ρ�

[
ρ̇m

ρm
− ρ̇�

ρ�

]
. (6)

Using (4) and (5) in (6), we get

ṙm = 3Hrm

[
ω� + 1 + rm

rm

Γ

3H

]
. (7)

Furthermore, we define an effective EoS for dark energy and
matter by [38]

ωeff
� = ω� + Γ

3H
, ωeff

m = −1

rm

Γ

3H
, (8)

which also involve the contribution from the interaction be-
tween matter and dark energy. Using (8) in (4) and (5), we
get

ρ̇� + 3H
(
1 + ωeff

�

)
ρ� = 0, (9)

ρ̇m + 3H
(
1 + ωeff

m

)
ρm = 0. (10)

From the standard FRW model, the density parameters cor-
responding to matter and dark energy are defined by

Ωm = ρm

ρcr
, Ω� = ρ�

ρcr
. (11)

The above parameters are related by Ωm + Ω� = 1. Using
the definition of rm, we can write

rm ≡ Ωm

Ω�

= 1 − Ω�

Ω�

. (12)

The value of rm decreases monotonically with expansion
and varies very slowly at the present era. Contrary to the
noninteracting case, rm decreases slower when there is an
interaction [39]. Using the definition of rm in (2), we get

H 2 = κ

3
(1 + rm)ρ�. (13)

Next, we choose the following generalized interaction term:

Q = 3Hc
[
γρm + βρ� + δ(ρmρ�)1/2]n, (14)

with the corresponding decay rate

Γ = 3Hc(β + γ rm + δ
√

rm )n, (15)

which follows from Q = Γρn
�, where n, β , γ and δ are

constant parameters. The above-mentioned c is the coupling
constant. Notice that c > 0 yields conversion of dark en-
ergy into dark matter, and vice versa if c < 0. Note that for
β = γ = n = 1 and δ = 0, (14) reduces to the usual linear
interaction term [40]. Making use of (14) in (4), the EoS
parameter becomes

ω� = −1 − ρ̇�

3Hρ�

− Γρn−1
�

3H
. (16)
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Using (16) in (8), the effective EoS of the dark energy is
given by

ωeff
� = −1 − ρ̇�

3Hρ�

+ Γ

3H

(
1 − ρn−1

�

)
. (17)

In the forthcoming discussion, we shall determine the effec-
tive EoS for dark energy corresponding to various equations
of state.

3 Inhomogeneous equations of state for dark energy

The general EoS relating the pressure density p and energy
density ρ is given by

F(p�,ρ�) = 0. (18)

We shall also consider equations of state depending on either
the redshift z, the scale factor a(t) or the bulk viscosity ξ .
Note that we are not considering an EoS explicitly contain-
ing the time t , as we always have the opportunity to use
a(t) = εt−λ, with ε and λ constant parameters.

3.1 Generalized cosmic Chaplygin gas

We now take the EoS of the generalized cosmic Chaplygin
gas given by [41]

p� = −ρ−α
�

[
C + (

ρ1+α
� − C

)−σ ]
, (19)

where C = A
1+σ

− 1 with α > 1 and A constant parameters
and −l < σ < 0, where l > 1. This EoS reduces to that of
the generalized Chaplygin gas if σ = 0 and to the Chaplygin
gas if furthermore α = 1. The motivation to use this EoS is
to construct the cosmological models that are stable and free
from nonphysical behaviors even when the vacuum fluid be-
haves like a phantom energy [42].

Using the energy conservation principle, the density evo-
lution is

ρ� = [
C + (

1 + C1a
−3(1+α)(1+σ)

) 1
1+σ

] 1
1+α , (20)

where C1 is the constant of integration. We define

Δ1 ≡ (
ρ1+α

� − C
)1+σ − 1 = C1a

−3(1+α)(1+σ). (21)

Making use of (20) and (21) in (17), the effective EoS for
the dark energy becomes

ωeff
� = −1 + Δ1(1 + Δ1)

−σ
1+σ

C + (1 + Δ1)
1

1+σ

+ Γ

3H

(
1 − ρn−1

�

)
, (22)

where ρ� is determined by (20).

3.2 New generalized Chaplygin gas

Zhang et al. [33] suggested another general form of Chap-
lygin gas, called the new generalized Chaplygin gas, given
by

p� = −Ã(a)

ρα
�

, Ã(a) = −ω�Aa−3(1+ω�)(1+α). (23)

Here α is a constant parameter. This model is dual to the
interacting XCDM model, where the X part corresponds to
quintessence or X-matter (ω� < −1/3).

In this model, the energy density evolves as

ρ� = [
Aa−3(1+ω�)(1+α) + C2a

−3(1+α)
]1/(1+α)

, (24)

where C2 is a constant of integration. Thus, using (24) in
(17) the effective EoS is given by

ωeff
� = −1 + ω� + Δ2

Δ2
+ Γ

3H

(
1 − ρn−1

�

)
, (25)

where

Δ2 ≡ A + C2a
3ω�(1+α), (26)

and ρ� is determined from (24).

3.3 Generalizing the generalized Chaplygin gas

Sen and Scherrer [43] suggested an EoS for the generalized
Chaplygin gas by assuming the constant parameter α to be
free, where we have

ω� = − As

As + (1 − As)(
a
ao

)−3(1+α)
, (27)

where

As = A

ρ1+α
�o

. (28)

Using (27) one can have various cosmological scenarios:
for 0 < As < 1 and α > −1 we have the standard general-
ized Chaplygin gas model giving dark matter–dark energy
unification. For As > 1 and α > −1, it gives the early phan-
tom generalized Chaplygin gas, i.e., it behaves as a phantom
energy at early times and behaves like the cosmological con-
stant ω� = −1 at late times. For 0 < As < 1 and α < −1 it
represents the transient generalized Chaplygin gas, in which
case (27) gives the de Sitter regime at early times and a mat-
ter dominated regime at later times.

The density evolution is given by

ρ� = ρ�o

[
As + (1 − As)

(
a

ao

)−3(1+α)]1/1+α

. (29)
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The corresponding effective EoS is

ωeff
� = −As

(
ρ�

ρ�o

)−(1+α)

+ Γ

3H

(
1 − ρn−1

�

)
, (30)

with ρ� determined by (29).

3.4 Interacting scale factor dependent dark energy

We here take the EoS [44]

p� = −ρ�

(
1 + Aaα

)
. (31)

The corresponding density evolution is

ρ� = C3 exp

(
3Aaα

α

)
, (32)

with C3 is constant of integration. The effective EoS is given
by

ωeff
� = −Aaα + Γ

3H

(
1 − ρn−1

�

)
. (33)

3.5 Interacting Hubble parameter dependent dark energy

An interesting EoS depending on the Hubble parameter H

is given by [45]

p� = −ρ� + f (ρ�) + G(H). (34)

The corresponding FRW equation is

ρ̇� = −3H
[
f (ρ�) + G(H)

]
. (35)

Let us choose the following EoS:

f (ρ�) + G(H) = −Aρα
� − BH 2ε, (36)

where ε is a constant. Using (13) in (36), we get

f (ρ�) + G(H) = −Aρα
� − B ′ρε

�, (37)

where

B ′ ≡ B

[
κ

3
(1 + rm)

]ε

. (38)

Using (35) and (37) in (17), we get

ωeff
� = −1 − (

Aρα−1
� + B ′ρε−1

�

) + Γ

3H

(
1 − ρn−1

�

)
. (39)

Here ρ� is determined from (13).

3.6 Interacting redshift dependent dark energy

We here assume that the dark energy evolves with the red-
shift parameter z. Hence we take the following linear EoS
[46]:

ω(z) = ωo + ω1z, (40)

where ωo and ω1 are constants. This EoS was used to an-
alyze the cosmic microwave background and the matter
power spectrum [47]. Equation (40) effectively works for
z < 1, while ω(z) = ωo +ω1 holds up till z ≈ 1. The thermo-
dynamical properties of dark energy have been investigated
using (40), and it is deduced that the apparent horizon of
the universe may be the boundary of thermodynamical equi-
librium for the universe like the event horizon for a black
hole [48]. We are interested in the evolution of dark energy
(i.e. (40)) in our generalized interacting model. The energy
conservation principle gives

ρ� = C3a
−3(1+ωo−ω1) exp

(
3ω1

ao

a

)
, (41)

where we have used z ≡ (ao/a) − 1 and C3 is a constant of
integration. Notice that for ω1 = 0, (41) gives the evolution
of the usual dark energy.

Using (41) in (17), we get

ωeff
� = ωo + ω1z + Γ

3H

(
1 − ρn−1

�

)
. (42)

The astrophysical data support cosmologies with ωo =
−1.25 ± 0.09 and ω1 = 1.97+0.08

−0.01 [48]. Also using 0 ≤
c ≤ 1, we see that the right-hand side of (42) becomes nega-
tive, i.e. ωeff

� < 0, thus supporting the existence of phantom
energy.

We now take another EoS [10, 49]:

ω(z) = ωo + ω1

(
1 − a

ao

)
= ωo + ω1

(
z

1 + z

)
. (43)

It avoids the divergent behavior as opposed to (40) and hence
is used to parameterize the astrophysical data to higher red-
shift, up till z ≈ zrec. The two constants appearing in (43) are
constrained: −1 ≤ ωo ≤ −0.434 and −0.564 ≤ ω1 ≤ 0.498
[50]. Its density evolution is given by

ρ� = C4a
−3(1+ωo+ω1) exp

(
3ω1

a

ao

)
, (44)

where C4 is a constant of integration. Thus, the effective
EoS is

ωeff
� = ωo + ω1

(
1 − 3

a

ao

)
+ Γ

3H

(
1 − ρn−1

�

)
, (45)

with ρ� determined from (44).
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3.7 Interacting viscous dark energy

The Eckart theory [51] effectively deals with fluids having
nonzero viscosities. The term viscosity arises from fluid dy-
namics, which has two major parts, namely the bulk viscos-
ity ξ and the shear viscosity η. In viscous cosmology, shear
viscosities arise in relation to space anisotropy, while the
bulk viscosity accounts for the space isotropy [52–54]. The
bulk viscous fluid is represented by the Eckart expression
Π = −ξ(ρ�)u

μ

;μ, where uμ is the four velocity of the vis-
cous fluid. The bulk viscosity is generally taken to be posi-
tive to ensure positive entropy production in conformity with
the second law of thermodynamics [55]. Its scaling may be
represented by ξ ∼ ρ

−ζ
� , where ζ is a constant parameter.

The effective pressure containing the isotropic pressure
and the viscous stress is given by

peff = p� + Π, (46)

where p� = χ/ρα
� with χ > 0 and Π = −3Hξ in the FRW

model. Thus, the energy conservation principle for the bulk
viscous fluid becomes

ρ̇� + 3H(ρ� + p� − 3Hξ) = 0. (47)

Using (13) in (47) we have

ρ̇� + 3H(ρ� + p� − ξΥ
√

ρ�) = 0, (48)

where Υ ≡ √
3κ(1 + rm). Solving (48) we get

a(t) =
(

1

C5
exp

[∫
ρα

� dρ�

ρ1+α
� − ξΥρ

α+ 1
2

� + χ

])−1/3

, (49)

with C5 is a constant of integration. This equation can be
solved exactly by choosing ξ = υρ

1/2
� with υ a constant;

thus, we have

ρ� =
[
(C5a)−3(1−υΥ )(1+α) − χ

1 − υΥ

] 1
1+α

. (50)

Defining

Δ3 ≡ (C5a)−3(1−υΥ )(1+α) = ρ1+α
� (1 − υΥ ) + χ. (51)

Using (50) and (51) in (17), we get the effective EoS of the
interacting viscous dark energy:

ωeff
� = −1 + (1 − υΥ )

(
Δ3

Δ3 − χ

)
+ Γ

3H

(
1 − ρn−1

�

)
. (52)

4 Conclusion

In this work, we have determined various effective equations
of state for the dark energy having nonzero interaction with

the matter in the universe. The dark energy can have depen-
dencies on various cosmological parameters like the Hubble
parameter, the redshift, the scale factor, the energy densities
or the bulk viscosity. We have considered all such possibili-
ties in our interacting model.

Acknowledgements We would like to thank X. Zhang and S. Odin-
tsov for useful discussions during this work.

References

1. S. Perlmutter et al., Astrophys. J. 517, 565 (1999)
2. A.G. Riess et al., Astron. J. 116, 1009 (1998)
3. D.N. Spergel et al., Astrophys. J. 148, 175 (2003)
4. D.N. Spergel et al., Astrophys. J. 170, 377 (2007)
5. E.J. Copeland et al., hep-th/0603057
6. J.A.S. Lima, J.S. Alacaniz, Phys. Lett. B 600, 191 (2004)
7. A.D. Doglov, hep-ph/0405089v1
8. M.C. Bento et al., Phys. Rev. D 66, 043507 (2002)
9. I. Zlatev et al., Phys. Rev. Lett. 82, 896 (1999)

10. E.V. Linder, New Astron. Rev. 49, 93 (2005)
11. L.P. Chimento, A.S. Jakubi, Phys. Rev. D 67, 087302 (2003)
12. S. Weinberg, Phys. Rev. Lett. 59, 2607 (1987)
13. K. Freese et al., Nucl. Phys. B 287, 797 (1987)
14. J. Frieman et al., Phys. Rev. Lett. 75, 2077 (1995)
15. K. Freese, M. Lewis, Phys. Lett. B 540, 1 (2002)
16. M.C. Bento et al., Phys. Rev. D 73, 043504 (2006)
17. R.R. Caldwell et al., Phys. Rev. Lett. 91, 071301 (2003)
18. E. Babichev et al., Phys. Rev. Lett. 93, 021102 (2004)
19. S. Nesseris, L. Perivolaropoulos, Phys. Rev. D 70, 123529 (2004)
20. M.R. Setare, E.C. Vagenas, hep-th/0704.2070
21. M. Sami et al., Phys. Lett. B 619, 193 (2005). hep-th/0504154
22. M. Li et al., astro-ph/0801.1407
23. P. Wu, H. Yu, Class. Quantum Grav. 24, 4661 (2007)
24. B. Wang et al., Nucl. Phys. B 778, 69 (2007)
25. M. Jamil, M.A. Rashid, astro-ph/0802.1146v1
26. M. Jamil, M.A. Rashid, astro-ph/0802.1144v1
27. W. Zimdahl, D. Pavon, Class. Quantum Gravity 24, 5461 (2007)
28. M.R. Setare, Phys. Lett. B 654, 1 (2007)
29. M.R. Setare, Phys. Lett. B 648, 329 (2007)
30. R. Curbelo et al., Class. Quantum Gravity 23, 1585 (2006).

astro-ph/0502141v5
31. D.F. Mota, Astron. Astrophys. 421, 71 (2004)
32. A. Vikman, Phys. Rev. D 71, 023515 (2005). astro-ph/0407107
33. X. Zhang et al., J. Cosmol. Astropart. Phys. 0601, 003 (2006).

astro-ph/0411221v4
34. S. Campo et al., Phys. Rev. D 74, 023501 (2006)
35. H.M. Sadjadi, M. Alimohammadi, Phys. Rev. D 74, 103007

(2006)
36. O. Bertolami et al., Phys. Lett. B 564, 165 (2007)
37. H. Wei, S.N. Zhang, Phys. Lett. B 654, 139 (2007)
38. H. Kim et al., Phys. Lett. B 632, 605 (2006)
39. B. Wang et al., hep-th/0711.2214v1
40. B. Wang et al., Phys. Lett. B 624, 141 (2005)
41. P.F.G. Diaz, Phys. Rev. D 68, 021303 (2003)
42. W. Chakraborty et al., gr-qc/0711.0079
43. A.A. Sen, R.J. Scherrer, Phys. Rev. D 72, 063511 (2005)
44. S.K. Srivastava, J. Dutta, gr-qc/0708.4139v1
45. S. Nojiri, S.D. Odintsov, Phys. Rev. D 72, 023003 (2005).

hep-th/0505215

http://arxiv.org/abs/hep-th/0603057
http://arxiv.org/abs/hep-ph/0405089v1
http://arxiv.org/abs/hep-th/0704.2070
http://arxiv.org/abs/hep-th/0504154
http://arxiv.org/abs/astro-ph/0801.1407
http://arxiv.org/abs/astro-ph/0802.1146v1
http://arxiv.org/abs/astro-ph/0802.1144v1
http://arxiv.org/abs/astro-ph/0502141v5
http://arxiv.org/abs/astro-ph/0407107
http://arxiv.org/abs/astro-ph/0411221v4
http://arxiv.org/abs/hep-th/0711.2214v1
http://arxiv.org/abs/gr-qc/0711.0079
http://arxiv.org/abs/gr-qc/0708.4139v1
http://arxiv.org/abs/hep-th/0505215


434 Eur. Phys. J. C (2008) 56: 429–434

46. A. Upadhye, Nucl. Phys. B (Proc. Suppl.) 173, 11 (2007)
47. A. Upadhye et al., Phys. Rev. D 72, 063501 (2005)
48. Y. Zhang et al., astro-ph/0709.2745
49. S. Nojiri et al., Phys. Rev. D 74, 086009 (2006)
50. Q.G. Huang, astro-ph/0708.2760
51. C. Eckart, Phys. Rev. 58, 919 (1940)

52. I. Brevik, O. Gorbunova, gr-qc/050401v2
53. M.G. Hu, X.H. Meng, Phys. Lett. B 635, 186 (2006)
54. P. Coles, F. Lucchin, Cosmology—The Origin and Evolution of

Cosmic Structure (Wiley, New York, 2003)
55. W. Zimdahl, D. Pavion, Phys. Rev. D 61, 108301 (2000)

http://arxiv.org/abs/astro-ph/0709.2745
http://arxiv.org/abs/astro-ph/0708.2760
http://arxiv.org/abs/gr-qc/050401v2

	Interacting dark energy with inhomogeneous equation of state
	Abstract
	Introduction
	The interacting model
	Inhomogeneous equations of state for dark energy
	Generalized cosmic Chaplygin gas
	New generalized Chaplygin gas
	Generalizing the generalized Chaplygin gas
	Interacting scale factor dependent dark energy
	Interacting Hubble parameter dependent dark energy
	Interacting redshift dependent dark energy
	Interacting viscous dark energy

	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 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 0.1000
  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


