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ON P-CLASS GROUPS AND THE FONTAINE-MAZUR
CONJECTURE

JOCHEN GARTNER

ABSTRACT. Answering a question by Stark, we show that for an infinite unramified
pro-p-extension of a number field k, the p-class numbers of its finite subextensions tend
to infinity. This is proven by means of a group-theoretical result on compact p-adic
analytic groups. Furthermore, we provide an equivalent formulation of the Fontaine—
Mazur conjecture for p-extensions unramified outside a finite set of primes not containing
any prime above p.

1. Introduction

The study of p-class numbers in extensions of number fields has a long and inter-
esting history. Being closely related to deep questions in the realm of p-adic Galois
representations, it is still among the central topics in algebraic number theory. In the
classical case of Zy-extensions, the fundamental results of Iwasawa reveal a precise
description of the growth behavior of p-class numbers. In particular, whether the size
of the p-class groups stays bounded along a given Z,-extension depends on its A-
and p-invariants. While there do exist Z,-extensions with unbounded p-class num-
bers, Greenberg’s conjecture predicts that they should always stay bounded for the
cyclotomic Z,-extensions of totally real number fields.

Contrary to Iwasawa theory, which in general involves p-adic Lie extensions, i.e.,
extensions with p-adic analytic Galois groups, coming from algebraic geometry and
being ramified above p, analogous questions are also of great interest in the situation
of unramified or more generally tamely ramified (i.e., unramified outside a finite set of
primes not containing any primes above p) pro-p-extensions. As shown by Golod and
Safarevi¢, there exist infinite unramified pro-p-extensions. However, the structure of
their Galois groups is still very mysterious. One of the most important open questions
in this context is the famous conjecture due to Fontaine and Mazur, stating that there
exist no infinite tamely ramified pro-p-extensions with p-adic analytic Galois group
(cf. [5], Conjecture 5a).

For unramified extensions, the Fontaine-Mazur conjecture is closely related to the
following question asked by Stark (cf. [7]): Let k'|k be an infinite unramified pro-p-
extension of the number field k. Are the p-class numbers unbounded along the finite
subextensions of k'|k?

Applying results of Lubotzky and Mann characterizing p-adic analytic pro-p-groups
by the finiteness of their Priifer rank, Hajir explains that the Fontaine-Mazur con-
jecture would imply the following even stronger statement: the ranks of the p-class
groups of the finite subextensions of £’|k tend to infinity (cf. [7]).
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In this paper, we give an affirmative answer to Stark’s question (cf. Theorem 7).
The proof is of group-theoretical nature. We show that a compact p-adic analytic
group G either contains an open subgroup Hy such that the abelianization of any
open subgroup of Hy is torsion free or the torsion parts of the abelianizations of
open subgroups of G have unbounded exponents (cf. Theorem 1). Together with the
results of Lubotzky and Mann, this shows the following interesting dichotomy for
an arbitrary infinite FAb pro-p-group: either it is non-analytic and hence the ranks
of (the abelianizations) of its open subgroups are unbounded, or it is analytic and
therefore by Theorem 1 the corresponding exponents necessarily grow to infinity.

In the second part of the paper, we consider the more general situation of tamely
ramified extensions. It is shown how Theorem 1 yields an equivalent formulation of
the aforementioned Fontaine-Mazur conjecture (cf. Conjecture 12 and Theorem 13).
In fact, using results from class field theory, the conjecture can be equivalently stated
in terms of boundedness of p-class numbers and local unramified extensions realized
by a given tamely ramified p-adic Lie extension.

2. Group-theoretical results

Let p be a prime number. For a profinite group G, by (G;);>1 we denote its lower
p-central series, i.e.,

G, =G, Gy = GPGy, G).

By G* = G/|G,G] we denote the abelianization of G. Finally, if G is abelian, let
Tor(G) be the torsion subgroup and exp(Tor(G)) its exponent.

Theorem 1. Let G be a compact p-adic analytic group. Then exactly one of the
following holds:

(i) There exists an open subgroup Hy C G such that H® is torsion free for all
open subgroups H C Hy, or
(ii) For every open powerful pro-p-subgroup U C G,

klirgo exp(Tor((Uy,))) = oo.

Remark 2.

(i) Theorem 1 is trivial in the case of a finite p-group G, which obviously satisfies
the first condition.

(ii) The above result seems to be known to the experts, however we could not find
it in the literature. It has kindly been pointed out to the author by Klopsch
that the first condition is equivalent to the following: G is virtually abelian,
i.e., there exists an open abelian subgroup of U C G. In fact, assume Hy C G
is given as in condition (i) of Theorem 1. By passing to an open subgroup,
we may assume that Hp is a uniform pro-p-group (cf. [2], Corollary 8.34).
However, since Hy has torsion free abelianization, it follows that Hj is it-
self abelian (e.g., see [2], Proposition 4.32). Conversely, it is clear that any
virtually abelian compact p-adic analytic group satisfies (i).
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We need the following Lemma which follows as a special case from [3], Corollary 3.5:
Lemma 3. Let G be a powerful pro-p group. Then for all k, k' > 1,7,7 >0
(G Gl = [(GR), (Ci)”'] = (G G-

Proof of Theorem 1. First assume that (i) holds. By [2], Corollary 8.34, there exists
an open uniform pro-p subgroup U C Hj. By assumption Tor((U;)?) is trivial for all
[ > 1, hence (ii) does not hold.

Conversely assume that we are not in case (i). Let U C G be an open powerful
pro-p subgroup. By [2], Theorem 4.2 we may assume that U is uniform. Suppose that

exp(Tor((Ux)™)) | p"

for all £ > 1 and some n > 0. By assumption, there exists an open subgroup H C U, 11
of U1 such that Tor(H4) is non-trivial. Let g € H such that g[H, H] € Tor(H)
is not the identity. Furthermore, let » > n + 1 be maximal such that g € U,, i.e.,
g € U, \ Up41. Since

9" € U],
for t =7 — (n+1) it follows by Lemma 3 that

n+2t 2t t t

¢ € HHP CUnir, Unal = [(Untn)”', Uain)] = U Ui,
i.e. g[U,,U,] € Tor((U,)%). However, this implies that
9" €U, U] C Vs,
On the other hand, since U is uniform, the map = — xP induces an isomorphism
Ui/Uit1 —— Uit1/Uit2

for all ¢ > 1 and therefore gpn € Urin \ Upinyr. It follows that » +n > 2r which
yields a contradiction.’ (]

We now want to apply this result to the study of the subgroup growth in FAb pro-p
groups.

Definition 4. A finitely generated pro-p group G is called FAb if for every open
subgroup H C G the abelianization H*® = H/[H, H] is finite.?

As an immediate consequence of Theorem 1 we obtain the following:
Corollary 5. Let G be an infinite FAb p-adic analytic pro-p group. Then
exp(Tor(H™)) — oo
if H runs through the open normal subgroups of G.

LThis conclusion is inspired by an argument given by Labute in the proof of [11], Lemma 3.2.
2In the literature, the FAb property is sometimes also denoted FIFA.
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For arbitrary (i.e., not necessarily p-adic analytic) FAb pro-p groups we will prove
the following:
Theorem 6. Let G be an infinite FAb pro-p group. Then

LH® s oo

if H runs through the open normal subgroups of G.

Recall that for a pro-p group G the (Prifer) rank rk(G) is defined as

rk(G) = limsup {dimp, H'(H,F,) | H < G closed subgroup}.
By results of Lubotzky and Mann (cf. [12]),
rk(G) = limsup {dimg, H'(H,F,) | H < G open subgroup}
= limsup {dimp, H'(H, F,) | H < G open normal subgroup}.

We have the following characterization of p-adic analytic pro-p groups, cf. [12],
Th.A:

Lubotzky—Mann: A pro-p group G is p-adic analytic if and only if tk(G) < occ.
We can now prove Theorem 6.

Proof of Theorem 6. If exp(H®) is unbounded for H running over the open normal
subgroups of G, we are done. Hence assume exp(H?) | p™ for some n € N and all open
normal subgroups H. By Corollary 5 we deduce that G is not p-adic analytic. Now
the above result due to Lubotzky and Mann yields rk(G) = oo which in particular
implies #H* — oo and concludes the proof. O

3. Number theoretical results

Let k be a number field. We denote by hy(p) the p-class number, i.e.,
hi(p) = #C(k)(p).

From Theorem 6, we deduce the following result giving an affirmative answer to

Stark’s question (cf. [7]):

Theorem 7. Let k be a number field and k'|k be an infinite unramified p-extension.
Then hg (p) — oo if K runs through the finite normal subextensions of k'|k.

Proof. Since the Galois group Gal(k'|k) is FAb, this follows immediately by Theorem 6
and the class field theory. d

Remark 8.

(i) An analogous result holds under the weaker assumption that the extension
K|k is ramified at a finite set of primes S of k not containing any prime above
p. As in the unramified case, the Galois group Gal(k’|k) is FAb and hence
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the statement carries over if for a finite subextension K of k’|k the ideal class
group CI(K)(p) is replaced by the p-part of the ray class group

@ I /IRK™.
mesupp(S(K))

Here S(K) denotes the set of primes of K lying above S (see below for a
review of the notation from global class field theory which is used here).

(ii)) As mentioned in the Introduction, the above statement would also follow
as a consequence of the Fontaine—Mazur conjecture. In fact, even more is
true: if &'|k is an infinite unramified p-extension, the conjecture predicts that
Gal(k'|k) is not p-adic analytic and hence the p-class ranks of the finite normal
subextensions K|k are unbounded, i.e.,

dimg, CI(K)/p — oo.

Conversely, this growth behavior implies the Fontaine-Mazur conjecture in
the case where k’|k is the p-class field tower of k (cf. [7]). The only explicit
examples of infinite unramified pro-p-extensions we have at hand use (varia-
tions) of the Golod-Safarevi¢ inequality. In particular, their Galois groups are
not p-adic analytic. However, e.g., it is not known whether for a given num-
ber field with infinite p-class field tower k’|k, there exists a finite subextension
K|k such that Gal(k'|K) satisfies the Golod-Safarevi¢ inequality (cf. [7, 8]).
Against this background, it seems useful to have the unconditional statement
in Theorem 7. Moreover, Corollary 5 gives rise to an equivalent formulation
of the Fontaine-Mazur conjecture (cf. Conjecture 12 and Theorem 13 below).

(iii) It is interesting to compare Theorem 7 to the behavior of p-class numbers
in wildly ramified p-adic Lie extensions that naturally arise in the Iwasawa
theory, such as Zy-extensions. If ky|k is the cyclotomic Z,-extension of a
totally real number field k, Greenberg’s conjecture [6] predicts that for the
Iwasawa p- and A-invariants we have

fi(koolk) = A(koo|k) = O,

i.e., the size of the p-ideal class groups stays bounded along ko, |k. On the other
hand, it has been shown by Iwasawa that the p-invariant can also become
arbitrarily large for non-cyclotomic Z,-extensions.

In order to study the relation between our group-theoretical statements and the
Fontaine-Mazur Conjecture, we need some results from the class field theory.

Let S be a set of primes of the number field k. We denote by kg (resp. ks(p)) the
maximal extension (resp. maximal pro-p-extension) of k£ unramified outside S and set

Gk75 = Gal(k:s|k:), Ghs(p) = Gal(/{?g(p)“{?)

In this section, we recall some facts from the class field theory to estimate the exponent
exp(Gy.5(p)®) where S is a finite set of finite primes of k not containing any primes
above p.
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Let I, denote the idele class group of k. Recall that a modulus m of k is a formal
product

m=]]em,
p

where p runs through all primes of k and n, > 0 is an integer for all p such that

(i) np =0 for all but finitely many p;
(i) np € {0,1} if p is an infinite prime.

By I}* C I, we denote the subgroup of all ideles o = (a), such that

(i) ap € U,* for all finite primes p where U,” denotes the n,-th higher unit
group and we set U;l" =U, ifny, =0.
(ii) ap € RY if p is a real prime such that n, = 1.

By global class field theory, the quotient I, /I;*k* is canonically isomorphic to the
Galois group of the ray class field of k modulo m. We denote by supp(S) the set of all
moduli m = Hp p"» of k such that ny, = 0 for all p € S. By the Existence Theorem of
global class field theory, we have an isomorphism

Gt —=—  lm  I,/I7k*.
méesupp(S)

Definition 9. Let S be a finite set of finite primes of k£ not containing any prime
above p. We set

¢(5) = max {v,(N(p) — 1)}

Proposition 10. Let S be a finite set of primes of k not containing any prime above
p. Then

exp(Gr,s(p)™) < p9 - exp(Cly(p)).

Proof. Let m € supp(S) and consider the exact sequence of abelian groups

[y — L/ —— L/LE—— 1.
pes

Here I} = [[,es.. k3 * [l g5, Up, where S, denotes the set of infinite primes of
k, and we have a canonical isomorphism

I/ TE k™ = Cly,.

Furthermore,

Up = pin(p)—1 X Uy
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and Up1 is a Z;,-module where I, # p is the residue characteristic of the prime p.
Hence the claim follows by taking pro-p quotients and passing to the projective limit
over all m € supp(95). O

4. On the Fontaine—-Mazur conjecture

Let k be a number field, k its algebraic closure. A continuous irreducible p-adic rep-
resentation

p: Gal(k|k) — GL,(Q,)

is called geometric, if it is unramified outside a finite set of primes of k and its
restriction p|g, to the decomposition group Gy of p is potentially semi-stable for all
primes p of k dividing p.? In [5], Fontaine and Mazur make the following fundamental
conjecture: p is geometric if and only if it comes from algebraic geometry, i.e., it arises
from the Galois action on an étale cohomology group H,(Vi, Q,(j)) of a smooth
projective variety V over k. It has been proven in the GLo-case (under some further
assumptions) by Kisin (cf. [9]). Under the assumption of further conjectures by Tate
and Grothendieck—Serre, it implies the following prediction about tamely ramified
representations (cf. [10] for the details):

Conjecture 11 (Fontaine-Mazur [5], Conjecture 5a). Let k be a number field and
p: Gal(klk) — GL,(Q,)

a continuous irreducible presentation which is unramified outside a finite set S of
primes of k not containing any prime above p. Then p factors through a finite quotient

of Gal(kl|k).

Equivalently, the conjecture states that there exist no infinite tamely ramified p-
adic Lie extensions. It has been proven in special situations, cf. [1, 7, 14] (for the case
S = @) and [13]. In this section, using Corollary 5, we give the following equivalent
formulation:

Conjecture 12. Let k be a number field and k'|k a p-adic Lie extension unramified
outside a finite set of primes S of k not containing any prime above p. Then the
following holds:

(i) There exists a number n € N such that exp(Cl(K)(p)) | p™ for any finite
normal subextension K|k inside k'.

(ii) Forp € S and a prime B of k" lying above p, the local extension kg |k, does
not contain the maximal unramified pro-p-extension of ky.

Theorem 13. Conjectures 11 and 12 are equivalent.

Proof. For a number field k, we set S, 1, := {p prime of k such that p|p}. Assume that
Conjecture 11 holds. Then any p-adic Lie extension k’|k unramified outside a finite
set of primes S with SN .S, ;. = @ is finite, hence Conjecture 12 holds.

3The notion of potentially semi-stable p-adic representations is due to Fontaine, cf. [4].
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Now let £’|k be a p-adic Lie extension unramified outside S with SN S, = & and
satisfying the conditions (i) and (ii) of Conjecture 12. It remains to show that k’|k is
finite. Set G = Gal(k’|k). By passing to a finite normal subextension, we may assume
that G is a p-adic analytic pro-p group. Since no prime above p is ramified in ¥'|k, it
follows that G is FAb. For a prime p € S, choose a prime % | p of k" and let (ki )"" |k
be the maximal unramified extension inside kg |ky. By condition (i), the extension
(k)" |ky is finite and we define f, by

PP = [(kp)"™" : Ky
Set
f(S) == max {f,}.

pes
Let K|k be a finite normal subextension of k’|k and px a prime of K lying above p.
Then

up(N(px — 1) S up(N(p) — 1) + fp < e(5) + ()

where as in Section 3 we have set e(S) = maxpes {v,(N(p) — 1)}. If Sk denotes the
set of all primes of K lying above S, the maximal abelian subextension of k'|K is
contained in Kg, (p)*® and hence by Proposition 10 and condition (i) we have

exp(Gal(k'|K)™) < exp(Gr g, (p)™) < peHE) L pn,

By Corollary 5 we conclude that G is finite. O

Acknowledgment

The author would like to thank Kay Wingberg for valuable suggestions and comments.

References

[1] N. Boston, Some cases of the Fontaine—Mazur conjecture II, J. Number Theory 75 (1999),
161-169.

[2] J. Dixon, M. du Sautoy, A. Mann and D. Segal, Analytic pro-p groups, 2nd edn., Cambridge
Studies in Advanced Mathematics 61, Cambridge University Press (1999).

[3] G. Ferndndez-Alcober, J. Gonzélez-Sanchez and A. Jaikin-Zapirain, Omega subgroups of pro-p
groups, Israel J. Math. 166 (2008), 393-412.

[4] J-M. Fontaine, Répresentations p-adiques semi-stables, Astérisque 223 (1994, Périodes
p-adiques (Bures-sur-Yvette, 1988)) 113-184.

[5] J.-M. Fontaine and B. Mazur, Geometric Galois representations, in ‘Elliptic curves, modular
forms & Fermat’s Last Theorem’ (J. Coates and S. Yau, eds), 41-78, International Press, Boston
(1995).

[6] R. Greenberg, On the structure of certain Galois groups, Invent. Math. 47 (1978), 85-99.

[7] F. Hajir, On the growth of p-class groups in p-class field towers, J. Algebra 188 (1997), 256-271.

[8] F. Hajir and C. Maire, Unramified subextensions of Ray class field towers, J. Algebra 249
(2002), 528-543.

[9] M. Kisin, Overconvergent modular forms and the Fontaine—Mazur conjecture, Invent. Math.
153(2) (2003), 373-454.

[10] M. Kisin and S. Wortmann, A note on Artin motives, Math. Res. Lett. 10(2-3) (2003), 275-389.
[11] J. Labute, Linking numbers and the tame Fontaine—Mazur conjecture, Annales mathématiques
du Québec, 1-11, Springer International Publishing (2014). Doi: 10.1007/s40316-014-0012-4.



ON P-CLASS GROUPS AND THE FONTAINE-MAZUR CONJECTURE 477

[12] A.Lubotzky and A. Mann, Powerful p-groups. II: p-adic analytic groups, J. Algebra 105 (1987),
506-515.

[13] C. Maire, Some new evidence for the Fontaine—Mazur conjecture, Math. Res. Lett. 14(4) (2007),
673-680.

[14] K. Wingberg, On the Fontaine—Mazur conjecture for CM-fields, Compos. Math. 131(3) (2002),
341-354.

UNIVERSITT HEIDELBERG, MATHEMATISCHES INSTITUT, IM NEUENHEIMER FELD 288, 69120
HEIDELBERG, GERMANY
E-mail address: gaertner@mathi.uni-heidelberg.de







<<
  /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 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages 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 ()
  /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 [612.000 792.000]
>> setpagedevice


