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The criteria for thermal stability of a most general quantum black hole derived by
us appeared in the form of a series of inequalities connecting second-order derivatives
of black hole mass with respect to its parameters, which determine the mass of the
black hole. These nullify the concept of positivity of specific heat as the sole criteria
for thermal stability. Using this most general stability criterion, we prove here that
AdS Schwarzschild black holes are no longer stable anywhere in their parameter space
if cosmological constant is allowed to vary. We also calculate the fluctuations of both
horizon area and cosmological constant of this black hole. We calculate specific heat of
it and compare this with Hawking’s prediction.
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1. Introduction

Hawking through his semi-classical theory showed that black holes had radiated.t
Thus, a black hole accretes and radiates simultaneously. He showed that asymptoti-
cally flat Schwarzschild black hole (AFSBH) was thermally unstable due to negative
specific heat.? In fact, the sign of specific heat was the only determining criterion for
thermal stability in his theory. He later showed that AdS Schwarzschild black hole
(AdSSBH) would be stable only in certain regime of parameter space.>* He also
established the possible phase transition for this black hole, marked by the change
in the sign of specific heat.* Hawking there assumed the cosmological constant to
be fixed.

Black holes were still classical in Hawking’s semi-classical theory. We addressed
this issue earlier>® and treated black holes as quantum entity. We derived the
stability criteria for a most general quantum black hole with any number of param-
eters in arbitrary dimensional spacetime.® They appeared in the form of a series
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of inequalities connecting second-order derivatives of black hole mass with respect
to its parameters. Some black holes never satisfy all the stability criteria together,
but satisfy some of the stability criteria in certain region of parameter space. These
black holes are known as “quasi-stable black holes” in that regime. We showed”
that these black holes have bounded fluctuations for some of their parameters in
certain region of parameter space. In fact, it was also® found that these black holes
had tendency to reduce the decay rate under hawking radiation.

We showed®? that the asymptotically flat black holes, even with electric charge,
angular momentum, are not stable anywhere in parameter space. They are actually
quasi-stable. But their respective AdS versions are stable in certain regime of param-
eter space.” Those AdS spaces are of fixed cosmological constant. But cosmological
constant evidently varies. 1%t Thus, it is necessary to revisit the thermodynamic
stability of the AdS black holes in this context of varying cosmological constant. We
do this here in case of AdS Schwarzschild black hole (AdSSBH), resulting a drastic
change in its thermodynamic behavior. We show in this paper that AASSBH cannot
be stable, actually would be quasi-stable, if cosmological constant is allowed to fluc-
tuate. We also discuss the other features of AASSBH as a quasi-stable black hole.
In fact, we also calculate specific heat of this black hole and compare it with Hawk-
ing’s result. We will see here that application of our stability criteria in context
of the simplest possible AdS black hole, i.e. AASSBH gives an entirely unknown,
unexploited result, i.e. the thermal (quasi) stability of AASSBH.

This paper is organized as follows. In Sec. 2, we recapitulate some of our earlier
works briefly for sake of completeness, with emphasis on cosmological constant
fluctuating AdSSBH. We also show there that this black hole is actually quasi-
stable under Hawking radiation. In Sec. 3, we calculate the fluctuations of both
the parameters of AASSBH. We also discuss on possible phase transition. In Sec. 4,
we calculate specific heat and compare our obtained results with Hawking’s semi-
classical theory. In Sec. 5, we summarize our work with possible outlooks.

2. Quasi-Stability of AdS Schwarzschild Black Hole

We know so far that AASSBH is thermally stable in certain region of parameter
space. Thus once it is in that region, it can prevent itself from decaying away under
Hawking radiation. But cosmological constant is assumed there to be fixed. In this
paper, we allow it to fluctuate. Once we do that, we have to consider this fluctuation
to construct the grand canonical partition function (Zg) for AASSBH. We already?°
knew how to construct Zg of generic quantum black hole. We only assumed there
that the mass of a black hole was function of its parameters, which were fluctuating.
Similarly, we treat cosmological constant as a parameter of AASSBH as mass of it
is a function of fluctuating cosmological constant. Thus, mass of AASSBH (M)
is given as, M = M (A, A). Here, A denotes the horizon area of the black hole.
Cosmological constant is negative for AdS space. We choose A to be negative of
that and hence A is positive. Now, it is to be noted that the mass of an AdS
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black hole is in general believed to be the enthalpy of the spacetime.’? Thus, it is
naively expected that term like PV should be added with the mass term (M (A, A))
to get the correct expression, where P is thermodynamic pressure of the black
hole, identified to be equivalent with the cosmological constant!314 and V is the
associated volume. Of course this identification is required for extended phase—
space analysis for thermodynamics of AdS black holes.'> But this is not at all
required for our analysis and we in fact do not bother about such identification at
all. The associated volume (V') is the volume excluded by the black hole horizon
from a spatial slice exterior to the black hole.'%:17 Hence, this volume term does not
bother us at all as we calculate everything on the horizon of the black hole.> We
will see latter that all the second-order derivatives of black hole mass and in fact
mass of the black hole, its area, etc. are all evaluated on the horizon. We study the
local thermodynamics of the black holes, around its horizon. Hence, we do not have
to bother about the enthalpy of the spacetime at all and our mass term (M (A, A))
is appropriate enough to describe what we are going to do in correct manner.

In any full-fledged theory of quantum gravity, A and A are some discrete quanti-
ties.'® Thus they are collections of their respective quanta. Now we can consider an
AdSSBH to be immersed in a heat bath, with which it can exchange mass and A.
Black holes exchange their parameters with heat bath, i.e. its surrounding in form of
respective quanta. Thus, we can write down the grand canonical partition function
(Z¢) as summation over possible eigenstates with appropriate weightage.1? We can
convert this summation, with the help of Poisson’s resummation formula,?° into
integration and determine the criteria for thermal stability. AASSBH, in thermal
equilibrium, is represented by the saddle point ( A, A ). A denotes horizon area (A)
at equilibrium and so on. It is shown earlier® that this partition function turned out
to be integration over the space of fluctuations a = (4 — A), A\ = (A — A) around
the saddle point and is given as®

Zg ~ /dad)\exp (-é [(MAA - %)& + (Mz)\° + (2MAA)aAD. (1)

Here, M = %, Myx = gzg/g, etc. and they are evaluated at the saddle
point. S(A) is the micro-canonical entropy of the black hole and is equal to one
quarter of its horizon area in units of Planck area. We take four times Planck area
equals to unity for the sake of simplicity and can be brought back by dimensional
analysis whenever required.

The convexity of the above integral leads to the criteria for thermal stability of

the black hole® and is given as
(ﬁMAA — SAA) >0, M[\A >0, (M]\A(ﬁMAA — SAA) — ﬁ(MAA)Q) > 0.

We have realistically assumed that (inverse) temperature g is ( = —), which
is positive.

2150195-3



Mod. Phys. Lett. A 2021.36. Downloaded from www.worldscientific.com
by JADAVPUR UNIVERSITY on 02/15/24. Re-use and distribution is strictly not permitted, except for Open Access articles.

A. K. Sinha

The mass (M) of AASSBH depends on its parameters as?
A AAY?
L + —. (2)
4/ 48m3/2
We can now easily calculate the value of M4, equals to temperature T, from
the above relationship and it turns out to be
1 AAY?
T SVRVA | 32n072
=T. (3)

M:

M4

Thus we see that temperature of AASSBH is positive irrespective of its posi-
tion in parameter space. Hence the positivity of temperature cannot restrict the
parameter space of a real AASSBH.

We can now calculate various second-order derivatives of the black hole mass
(M) with respect to its parameters from Eq. (2). On calculation, this turns out
that

Al/? 1 A
sonarne Maa= "y ¥ G

Mzz =0, My; =

" (M3a(BMaa — Saa) — B(M43)%) = —B(M 45)* < 0.

Thus, M 4 4 is positive if A > 4% But M[\fx and (MAA(ﬂMAA—SAA)—ﬁ(MAA)z)
are never positive. Hence this black hole can never be stable under Hawking radi-
ation. It is only quasi-stable in the region A > 47”.

In fact this is the region of thermal stability® if A is not allowed to fluctuate.
Thus, we see that fluctuation in A makes AdSSBH into a decaying black hole under
Hawking radiation.

3. Thermal Fluctuations and Quasi-Stable Phase Transition
of AdSSBH

We have already seen that®? quasi-stable black holes possess bounded fluctua-
tions for some of their parameters in certain regions of parameter spaces. So,
same is expected to be true here for AASSBH with varying cosmological con-
stant. It is also known to us® how fluctuations are related to stability criteria.
In fact, we also know® how to calculate fluctuations in case of quasi-stable black

holes. A(A)? measures the fluctuation of cosmological constant from its equilibrium
~ 2
value. It is mathematically expressed as,”® A(A)? = %; where f(a,\) =
exp (—2[(Maa — S“TA)GQ + (2M43)a)]). Similarly, A(A)? is defined. Now,
(Mzi(BMaa — Saa) — B(M43)?) is always negative. Hence we can conclude that
(1) A(A)? always blows up as Mj; is identically zero.
(2) A(A)? is bounded if (BMaa — Saa) is negative, i.e. A < 47”, otherwise it blows
up.
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AdSSBH, having variable cosmological constant, ultimately decays under Hawk-
ing radiation. Fluctuation in area is always unbounded for this black hole. It grad-
ually becomes smaller and smaller in size. Suppose the size of the black hole is
initially such that, AA is greater than 47. But due to Hawking radiation, area re-
duces by a huge amount such that AA becomes lesser than 47. But in this regime
of parameter space, cosmological constant does not fluctuate much and hence AA
remains lesser than 47. Thus, it decays away and heads towards a black hole with
certain minimum area.?!

It is unexpected to think that both the fluctuations occur simultaneously in
same pace. In fact, we can expect things to happen in other way, i.e. one fluctuation
dominates over the other fluctuation region wise in parameter space. In fact, our
previous analysis supports this view. Suppose fluctuation in cosmological constant
is extremely tiny and hence dominating fluctuation here is the fluctuation in horizon
area. In this situation, grand canonical partition function (1) is reduced as

ng/daexp (—%KMAA—S;%A)&D. (4)

Thus this partition function is converging only if (—g [(M AA — S“TA)]) is pos-
itive, i.e. A > 47”. In fact, this regime of parameter space is also the regime where
fluctuation in horizon area is bounded. It is to note that this is exactly the well-
known case with AdSSBH with fixed cosmological constant.*

On the other hand, if fluctuation in horizon area is extremely tiny, then fluc-
tuation in cosmological constant becomes the dominating one. In this case, grand
canonical partition function (1) is reduced as

Zag ~ /d/\exp(—(M;\A))\Q). (5)

The above partition function blows up as Mj; is identically zero. Thus, fluctu-
ation in cosmological constant blows up even more sharply.

It is interesting to note as conclusion that any nonzero, even bounded, fluctu-
ation in cosmological constant triggers an unbounded fluctuation in horizon area.
This in fact causes the ultimate decay of this black hole. On the other hand, non-
vanishing fluctuation in horizon area helps cosmological constant to have a decent
bounded fluctuation in the regime A < 47”. Thus these two fluctuations are highly
correlated in thermodynamic sense.

We know that quasi-stable black holes have many interesting new types of
phases. We have already worked out in detail about those phases.?2:23 In brief, each
of the fluctuations of the parameters can at most hold two distinguished phases
that are connected through a phase transition. This phase transition is marked
by the change in associated fluctuation from its bounded nature to its divergence.
A(A)? always blows up and hence it does not connect two different phases and
hence no associated phase transition occurs. But A(A)Q changes its bounded na-
ture and becomes unbounded as it crosses AA = 47 curve. Thus, it indicates a
phase transition.
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We can define @ = fa, where a = %_1\1{[ and is evaluated on the horizon. This
quantity « is analogous to electric potential in case of charged black hole, i.e. if we
replace A by charge(Q). This & determines the equilibrium between black hole and
rest of the universe in cosmological sector, i.e. their sharing of quanta corresponding
to cosmological constant. We can again define average cosmological constant (/1)
as, A = %{?)) and is again evaluated on the horizon. Thus, physical quantity
cosmological constant density, analogous to electric capacitance in case of charge,
is denoted and defined as, S, = - g—g. This equals to 3+ A(A)z, if A(A)Q converges.
Sa becomes zero at the point of phase transition, i.e. when M 44 vanishes. Sign
change in S, denotes the phase transition. Thus, AASSBH undergoes quasi-phase
transition if cosmological constant is allowed to fluctuate.

The decay of any black hole is approximately governed by Stefan—Boltzmann
law as the profile of black hole radiation is approximately same as that of a black
body. So, luminosity (L), the power radiated per unit surface area, varies with its
temperature (T') as L oc T4. Temperature is here a function of cosmological constant
and area and any fluctuation in them would make temperature fluctuating as well.

This in turn makes luminosity fluctuating, too. Thus, the fluctuation in luminosity

AL x <8TAA + 8—?A1~\>.
oA

is given as

DA
Now, T' o« M 4 and hence

or or
8—AO(MAA7 a—AO(MA]\

. AL oc (MaaAA+ M, ;AR).

Thus, we see the expression within the above parenthesis determines the sign
of AL, i.e. whether decay rate would increase or not. Now AA is always large
negative and M ,; is always positive. In the regime AA > 4w, My 4 is positive
and AA is large. Hence the term M4 AA is negative in this particular regime and
consequently tries to slow down the decay process. In fact in this regime A is also
likely to be reduced due to bubble emission?* and hence AA is negative. Thus the
sign of the term M , AAINX is negative and consequently it reduces the decay rate.
A keeps on decreasing along with A. Hence the black hole once crosses the curve
AA = 47, i.e. phase transition occurs. After that in the regime AA < 4, A does not
fluctuate much but area keeps on decreasing, maintaining the inequality AA < 4.
This guarantees that reentrant phase transition?> does not occur here, unlike in
case of asymptotically flat rotating charged quasi-stable black holes.?? Thus the
black hole tries to end up with having a minimum area,?! but having substantial
amount of cosmological constant. In fact, in the regime AA < 41, M4 4 is negative
where AA is very small. Thus, AL is positive in this regime and it makes sure that
black hole would eventually die out.
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4. Comparison with Hawking’s Semi-Classical Theory

Hawking first discovered black hole radiation.’? He also predicted the thermal
instability of asymptotically flat Schwarzschild black hole (AFSBH) due to its neg-
ative specific heat.* He showed that specific heat blew up at phase transition. In
fact, in his case-by-case study approach, he used the sign of specific heat as the
only criterion to determine the thermal stability.* We show here explicitly that this
is not the ultimate story at all.

Now, specific heat (C') is defined as, C = %1‘7/{ Both M and T are here functions
of A and A. Thus we can write C' = 8M 8’4 =+ 8M %

We can easily calculate the Values of g and from Eq. (3) and they are
given, respectively, as

0A 1 A O  3273/2
~_1/(= T and — =
oT 164/TA3/2 * 64m3/2AL/2 T~ Al/2

On calculation, we find that

c-u( ) fo(3)

Following the above expression, we get

(1) C < 0if AN < 4,
(2) C > 0if AA > 47.

So, according to Hawking’s prediction, in the region AA > 47, AdSSBH is ther-
mally stable as specific heat is positive. But we have already shown explicitly that
this black hole, having varying cosmological constant, cannot be stable anywhere
in its accessible parameter space. Thus, we see explicitly that positivity of specific
heat cannot be the only criteria for thermal stability of black holes.

In his semi-classical theory, Hawking treated only matters as quantum entity,
but black hole was still classical. But we treated both of them as quantum en-
tity. Thus, we can expect even theoretically that our result should mismatch with
Hawking’s prediction at some point of time. In this paper, we show this explicitly
in case of AdSSBH. It is true for any black hole having parameter in addition to its
horizon area. In fact we treat cosmological constant in this paper as a parameter of
the black hole. Hence, Hawking’s prediction for region of stability for AASSBH is
actually region of quasi-stability if cosmological constant is allowed to vary. Hawk-
ing’s prediction matches with our results only in case of black holes with horizon
area as only parameter, e.g. AFSBH or AASSBH with fixed cosmological constant.
Actually, predictions regarding thermal stability of black holes with multiple pa-
rameters, be it stable or quasi-stable, are not correct if one tries to apply Hawking’s
semi-classical theory.
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5. Discussion

We show here that AASSBH with variable cosmological constant ultimately decays
under Hawking radiation. The region of quasi-stability of this black hole would
exactly be the region of stability if cosmological constant remains fixed. This is in
fact expected too as otherwise our result neither can be trusted and at the same
time loses its platform to be verified in appropriate known limit. It, like all other
quasi-stable black holes, tries to resist the decay process of Hawking radiation. Our
analysis holds for macroscopic black holes. But close to end state of a black hole,
we have to solve the complicated Hamiltonian constraint. But it is true that there
would be some remnant of a black hole at end state, with a minimum area according
to theory like LQG. This fact has been mentioned in Ref. 21 in which it is concluded
that these remnants could form component of dark matter as well. In this sense,
our analysis may have some impacts on dark matter physics.

Now, the AdS/CFT correspondence tells that an asymptotically AdS black hole
is dual to a strongly coupled gauge theory at finite temperature.2629 It is possi-
ble to analyze the strongly correlated condensed matter physics using AdS/CFT
correspondence. Thus our calculations for this quasi-stable black hole may have
some imprints to condensed matter physics as well, especially as we are allowing
cosmological constant to vary. This may certainly give new interesting results.

In fact, situation will be more interesting if we add even conventional parameters
like electric charge and allow cosmological constant to vary, i.e. consideration of AdS
Reissner—Nordstrom black hole. We are planning to study this separately in detail
and report soon.

References

1. S. W. Hawking, Commun. Math. Phys. 43, 199 (1975).

2. S. W. Hawking, Phys. Rev. D 13, 191 (1976).

3. G. W. Gibbons and S. W. Hawking, Phys. Rev. D 15, 2738 (1977).

4. S. W. Hawking and D. N. Page, Commun. Math. Phys. 87, 577 (1983).

5. A. K. Sinha and P. Majumdar, Mod. Phys. Lett. A 32, 1750208 (2017).

6. A. K. Sinha, Mod. Phys. Lett. A 33, 1850031 (2018).

7. A. K. Sinha, Mod. Phys. Lett. A 33, 1850190 (2018).

8. A. K. Sinha, Class. Quantum Grav. 36, 035003 (2019).

9. A. K. Sinha, Mod. Phys. Lett. A 35, 2050136 (2020).

10. J. A. S. Lima and J. C. Carvalho, Gen. Relat. Gravit. 26, 9 (1994).

11. L. Kantha, Adv. Astron. 2016, 9743970 (2016).

12. D. Kastor, S. Ray and J. Traschen, Class. Quantum Grav. 26, 195011 (2009).
13. O. Aharony, S. S. Gubser, J. M. Maldacena, H. Ooguri and Y. Oz, Phys. Rep. 323,

—_

83 (2000).

14. D. Kubiznak, R. B. Mann and M. Teo, Class. Quantum Grav. 34, 063001 (2017).

15. S. H. Hendi and A. Dehghani, Fur. Phys. J. C'79, 227 (2019).

16. B. P. Dolan, Class. Quantum Grav. 28, 125020 (2010).

17. D. Kubiznak and R. B. Mann, J. High Energy Phys. 7, 033 (2012).

18. C. Rovelli, Quantum Gravity, Cambridge Monographs on Mathematical Physics
(Cambridge Univ. Press, 2004).

2150195-8



Mod. Phys. Lett. A 2021.36. Downloaded from www.worldscientific.com
by JADAVPUR UNIVERSITY on 02/15/24. Re-use and distribution is strictly not permitted, except for Open Access articles.

19.
20.
21.
22.
23.
24.
25.

26.
27.
28.
29.

Dying AdS Schwarzschild black hole

L. D. Landau and E. M. Lifschitz, Statistical Physics (Pergamon Press, 1980).
A. Chatterjee and P. Majumdar, Phys. Rev. Lett. 92, 141031 (2004).

C. Rovelli and F. Vidotto, Universe 4, 127 (2018).

A. K. Sinha, Mod. Phys. Lett. A 35, 2050258 (2020).

A. K. Sinha, Mod. Phys. Lett. A 36, 2150071 (2021).

C. Teittelboim, Phys. Lett. B 158, 4 (1985).

M. K. Zangeneh, A. Dehyadegari, A. Sheykhi and R. B. Mann, Phys. Rev. D 97,
084054 (2018).

J. Louko and D. Marolf, Phys. Rev. D 59, 066002 (1999).

S. W. Hawking, C. Hunter and M. Robinson, Phys. Rev. D 59, 064005 (1999).
R. Emparan, J. High Energy Phys. 6, 036 (1999).

A. Hebecker and J. Russell, Nucl. Phys. B 608, 375 (2001).

2150195-9



	Introduction
	Quasi-Stability of AdS Schwarzschild Black Hole
	Thermal Fluctuations and Quasi-Stable Phase Transition of AdSSBH
	Comparison with Hawking's Semi-Classical Theory
	Discussion


<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [595.440 841.680]
>> setpagedevice


