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Characterization of Non-F-split del Pezzo Surfaces of Degree 2
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Abstract. We investigate a smooth del Pezzo surface of degree 2 which is not Frobenius split. We give a
characterization of non-F-split del Pezzo surfaces of degree 2 which exist only if the characteristic of the ground

field is 2 or 3. Moreover, we prove that the set of centers of the blow-ups on P2 which gives a non-F-split del Pezzo
surface is projectively equivalent to the only complete 7-arc over F9 if the characteristic is 3.

0. Introduction

Let k be an algebraically closed field of characteristic p. In algebraic geometry, del
Pezzo surfaces are one of the most important objects. It is well known that they are obtained
as the blow-ups of (9 − d)-points on P2, where d is the degree of the surface. The classical
theory of del Pezzo surfaces almost works in positive characteristic, with some modifications
in characteristic 2 ([2]).

If the degree is 3, each del Pezzo surface can be expressed as a cubic surface in P3. In
[7], Homma gives some results which contain a characterization of the Fermat cubic surface
in characteristic 2:

THEOREM 0.1 (Homma). Let X be a smooth del Pezzo surface of degree 3 over k.

Suppose that X is obtained as the blow-up of P2 with centers P1, . . . , P6. Then the following
conditions are equivalent:

(i) p = 2 and the anticanonical embedding of X is projectively equivalent to the
Fermat cubic surface;

(ii) p > 0 and each smooth member of | − KX| is a supersingular elliptic curve;
(iii) Each point of P1, . . . , P6 is the concurrent point of all tangent lines of the conic

passing through the remaining five points. The set {P1, . . . , P6} is projectively
equivalent to

{[1, 0, 0], [0, 1, 0], [0, 0, 1], [1, 1, 1], [1, α, α2], [1, α2, α]} ,

which is the only complete 6-arc over F4, where α ∈ F4 with α2 + α + 1 = 0.
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Another important characterization of the Fermat cubic surface in characteristic 2 is non-
F-splitting. Hara proved that a del Pezzo surface X can be non-F-split only if the characteristic
of k and the degree of X are both small ([5]):

THEOREM 0.2 (Hara). Let X be a smooth del Pezzo surface over k. Then X is F-split
unless

(1) K2
X = 3, p = 2;

(2) K2
X = 2, p = 2, 3;

(3) K2
X = 1, p = 2, 3, 5.

Especially, if X is a del Pezzo surface of degree 3, then X is not F-split if and only if X is the
Fermat cubic surface in characteristic 2.

In this paper, we give various characterizations of non-F-split del Pezzo surfaces of de-
gree 2. The main theorem is as follows:

THEOREM 0.3. Let X be a smooth del Pezzo surface of degree 2 over an algebraically
closed field k of characteristic p > 0. The anticanonical system | − KX| induces a double
cover of P2, which we denote by π : X → P2. Suppose that X is obtained as the blow-up of

P2 with centers P1, . . . , P7. Then the following conditions are equivalent:
(i) p = 2, 3, and the branch locus C of the double cover π : X → P2 is isomorphic to

(a) the Fermat quartic curve in characteristic 3,

(b) a double line in characteristic 2.

(ii) X is not F-split.
(iii) Each conic passing through 5 points in {P1, . . . , P7} is tangent to the line passing

through the remaining 2 points.
(iv) Each smooth member of | − KX| is a supersingular elliptic curve.

In particular, when p = 3, the following condition is also equivalent to the above:
(v) the set {P1, . . . , P7} is projectively equivalent to

P0 = {[1, 0, 0], [0, 1, 0], [0, 0, 1], [1, 1, 1], [1,−1, α], [1,−α3, α3], [1,−α,−1]} ,

which is the only complete 7-arc over F9, where α ∈ F9 with α2 − α − 1 = 0.

REMARK 0.4. For a normal projective variety X, we say that X is globally F-regular
if there exists an integer e ≥ 1 such that the natural map OX → Fe∗OX(D) splits as an OX-
module for every effective divisor D on X. Global F-regularity is a stronger condition than
F-splitting, but if a smooth Fano variety is F-split, then it is also globally F-regular by [11,
Theorem 3.10] or [9, Theorem 3.9]. Thus Theorem 0.3 also gives equivalent conditions of
non-globally F-regular smooth del Pezzo surfaces of degree 2.
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1. Facts about Frobenius splittings

We work over an algebraically closed field k of characteristic p > 0. We recall some
basic definitions and facts about Frobenius splittings.

DEFINITION 1.1. (1) Suppose R is a ring. We say R is F-split if the map F : R →
F∗R splits as a map of R-modules.

(2) Suppose X is a scheme over k. We say X is Frobenius split (or F-split) if the map
OX → F∗OX splits as a map of OX-modules.

The notion of Frobenius splitting is very significant for studying varieties in positive
characteristic. To check whether a given ring is F-split or not, one of the very useful tools is
the Fedder’s criterion:

LEMMA 1.2 (Fedder’s criterion). Let I be an ideal in k[x1, . . . , xn] defined by I =
〈f1, . . . , fm〉. Then k[x1, . . . , xn]/〈f1, . . . , fm〉 is F-split at a point m ∈ Spec k[x1, . . . , xn]
if and only if I [p] : I �⊂ m[p], where we denote 〈f p

1 , . . . , f
p
m 〉 by I [p].

Lemma 1.2 states the criterion in the local settings. Thanks to the following theorem (cf.
[11]), we can apply Fedder’s criterion to a projective variety:

THEOREM 1.3. Let X be any projective scheme over a perfect field. The followings
are equivalent:

(i) X is Frobenius split;
(ii) the ring SL = ⊕n∈NH 0(X,L n) is Frobenius split for all invertible sheaves L ;

(iii) the section ring SL = ⊕n∈NH 0(X,L n) is Frobenius split for some ample invert-
ible sheaf L .

By Grothendieck duality for the finite map F : X → X, we have an isomorphism

H omOX
(F∗OX,OX) ∼= F∗ω1−p

X for a normal projective variety X. This implies that if X

is Frobenius split, then there exists a section s ∈ H 0(X,ω
1−p
X ), called a splitting section,

corresponding to the F-splitting. The following useful criterion for Frobenius splitting is
proved by Mehta and Ramanathan ([8, Proposition 7]):

PROPOSITION 1.4. Let X be a smooth projective variety of dimension n. X is Frobe-

nius split if there is a point P in X and a global section s ∈ H 0(X,ω−1
X ) with divisor of

zeros

(s)0 = Y1 + · · · + Yn + Z ,

where Y1, . . . , Yn are prime divisors intersecting transversally at P , and Z is an effective
divisor not containing P .
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2. k-arcs over finite fields

We recall some definitions and facts from projective geometry over finite fields.

DEFINITION 2.1. Let P be a finite set of points of P2 over Fq . We say P is k-arc if
P consists of k points and no three of them are collinear. A k-arc P is called complete if P

is not contained in any (k + 1)-arc.
A group G(P) acting on a k-arc P is called the projective group for P if G(P), which

is a subgroup of the projective general linear group, fixes P as a set.

LEMMA 2.2. (1) There exists a unique 6-arc over F4, which is complete. It is projec-
tively equivalent to

{[1, 0, 0], [0, 1, 0], [0, 0, 1], [1, 1, 1], [1, α, α2], [1, α2, α]} ,

where α ∈ F4 with α2 + α + 1 = 0.
(2) There exist three 7-arcs over F9 up to projective equivalences. Only one of them is

complete, which is projectively equivalent to

P0 = {[1, 0, 0], [0, 1, 0], [0, 0, 1], [1, 1, 1], [1,−1, α], [1,−α3, α3], [1,−α,−1]} ,

where α ∈ F9 with α2−α−1 = 0. Moreover, G(P0) is isomorphic to Z/3Z�Z/7Z.

PROOF. See Hirschfeld [6, Sections 14.3 and 14.7]. �

3. Aronhold sets

In this section, we assume that p > 2. Over the complex numbers, it is well known that
a plane quartic curve has 28 bitangents. This also holds in positive characteristic if p �= 2.

DEFINITION 3.1. Let C be a smooth plane quartic curve. A set K = {�1, . . . , �7} of 7
bitangents of C among 28 ones is called an Aronhold set if for each subtriple {�i, �j , �k} ⊂ K

there exists no conic passing through the 6 contact points of �i ∪ �j ∪ �k with C.

Note that two of the contact points may be infinitely near. Aronhold sets can also be
defined by using the theory of theta characteristics. There are 288 Aronhold sets for each
smooth plane quartic curve. For more details, see [4].

For a del Pezzo surface of degree 2, there is a one-to-one correspondence between each
Aronhold set of a quartic curve which is a branch curve of the double cover induced by
anticanonical divisor, and a set of 7 points, the centers of the blow-up, on the dual projective
plane:

PROPOSITION 3.2. Let σ : X → P2 is the blow-up of P2 with centers {P1, . . . , P7},
and C a branch quartic curve of the double cover π : X → P2 induced by | − KX|. Then

7 bitangents which are the images of (−1)-curves σ−1(Pi) form an Aronhold set of C. Con-
versely, for each Aronhold set K of C, there exists a set P = {P1, . . . , P7} of 7 points on P2

such that each (−1)-curve σ−1(Pi) corresponds to a member in K .
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PROOF. See [4, Propositions 6.3.10, 6.3.11]. �

4. Proof of Main Theorem

Now we prove Theorem 0.3. Note that X can be expressed as a hypersurface of degree 4
in the weighted projective space P(1, 1, 1, 2). Thus the defining equation of X can be written
as f (x0, x1, x2, y) = y2 + f2(x0, x1, x2)y + f4(x0, x1, x2) = 0, where xi’s (i = 0, 1, 2)
are coordinates of weight 1 and y is of weight 2, and f2(x0, x1, x2) and f4(x0, x1, x2) are
homogeneous polynomials of degrees 2 and 4. We may assume that f2(x0, x1, x2) = 0 if
p �= 2.

PROOF. (i) ⇒ (ii): This is a direct consequence of Lemma 1.2 and Theorem 1.3.

Suppose p = 3. If the condition (i) holds, then the equation of X is y2 = x4
0 + x4

1 + x4
2 . We

can easily check that it is not F-split by Lemma 1.2. In characteristic 2, we can see that the

branch divisor of π : X → P2 is a double line if and only if f2(x0, x1, x2) does not have the
term x0x1 after suitable coordinate change. Hence the conditions (i) and (ii) are equivalent in
characteristic 2.

(ii) ⇔ (iv): This also follows from Lemma 1.2 and Theorem 1.3. For each smooth
member E of | − KX|, there exists a line � in P2 such that E = π∗�. Let Eα,β be an elliptic
curve which is obtained by the inverse image of a line defined by x2 = αx0 + βx1 where
α, β ∈ k, and fEα,β the equation of Eα,β in P(1, 1, 2).

If Eα,β is an ordinary elliptic curve, then Theorem 1.3 implies that the ring
k[x0, x1, x2, y]/(x2 − αx0 − βx1, f (x0, x1, x2, y)) is F-split. Since this ring is a complete

intersection, it follows from Lemma 1.2 that (x2 − αx0 − βx1)
p−1f (x0, x1, x2, y)p−1 �∈

(x0, x1, x2, y)[p]. In particular, we have f (x0, x1, x2, y)p−1 �∈ (x0, x1, x2, y)[p], which im-
plies that X is F-split.

On the other hand, suppose that X is F-split. If p � 3, then it is easy to see that

f (x0, x1, x2, y) has the term x2
0x2

1 , after the change of coordinates if necessary. Since we

can write fEα,β = y2 − f4(x0, x1, αx0 + βx1), (fEα,β )p−1 has the term (y2)
p−1

2 (x2
0x2

1 )
p−1

2 =
yp−1x

p−1
0 x

p−1
1 , which means that Eα,β is an ordinary elliptic curve. In the same manner, we

can see that the assertion also holds in characteristic 2.
(ii) ⇒ (iii): Let l be a line in P2. We have π∗l ∈ | − KX|, and there exist 28 lines l in

P2 such that π∗l = Γ1 + Γ2, where Γ1 and Γ2 are (−1)-curves. Moreover, among these 28
pairs of (−1)-curves, 21 pairs are the proper inverse transforms of a conic passing through 5
points in {P1, . . . , P7} and the line passing through remaining 2 points. Hence if there exists
a pair of a conic and a line passing through the centers of blow-ups such that they intersect
transversally, then Proposition 1.4 implies X is F-split. In fact, we see that the conditions (ii)
and (iii) are equivalent from [1, Theorem 0.1] if p = 2.

(iii) ⇒ (i): We may assume p �= 2. A smooth quartic curve C ⊂ P2 is the Fermat
quartic curve in characteristic 3 if and only if the number of hyperflexes of C is 28. Moreover,



252 NATSUO SAITO

if C is not the Fermat quartic in characteristic 3, the sum of the weight of Weierstrass points
is equal to 24 ([12]). This implies the number of hyperflexes is at most 12, since the weight
of each hyperflex is 2. Hence the claim (i) holds since C has at least 21 hyperflexes if the
condition (iii) holds.

From now on, we assume p = 3.
(v) ⇒ (iii): We can check that the set of 7 points described in (v) satisfies the condition

(iii) by direct calculation.

(i) ⇒ (v): Let C ⊂ P2 be the Fermat quartic curve in characteristic 3. Consider a set
of 7 points

P ′
0 = {[0, α, 1], [0, 1 − α, 1], [−α, 0, 1], [α − 1, 0, 1], [α, 1, 0], [1 − α, 1, 0], [1, 1, 1]}

on C, where α ∈ F9 with α2 − α − 1 = 0. By direct calculation, we can check that there
exists no conic passing through any three points in P ′

0 such that it is tangent to the tangent

lines of C at those points. Hence P ′
0 is an Aronhold set for C. Moreover, since there exists a

projective transformation T : P ′
0 → P0 given by

⎡
⎣

1 α − 1 α

α − 1 α 1
α 1 α − 1

⎤
⎦ ∈ PGL(3, F9) ,

P ′
0 is projectively equivalent to P0. Thus P ′

0 is the complete 7-arc.
It is known that the automorphism group of C is isomorphic to the projective unitary

group U3(3) (see [10] or [3] for example). By Lemma 2.2, the projective group G(P ′
0) for

P ′
0 is isomorphic to Z/3Z�Z/7Z, in which Z/3Z is induced by changing cyclic coordinates,

and Z/7Z a cyclic transformation of the 7 points given by
⎡
⎣

1 α + 1 1 − α

α + 1 α 1
1 − α 1 −1

⎤
⎦ ∈ PGL(3, F9) .

It is easy to see that G(P ′
0) is a subgroup of U3(3). Thus the number of orbits of P ′

0 under
the action of U3(3) on C is

|U3(3)|
|G(P ′

0)|
= 6048

21
= 288 ,

which implies the set of Aronhold sets is transitive for the action of U3(3) since there are
exactly 288 Aronhold sets for each smooth plane quartic curve. Hence by Proposition 3.2,
each 7-arc which is obtained as the centers of the blow-ups is projectively equivalent to each
other. �

REMARK 4.1. Together with the Geiser involution, we see that an automorphism
group of a non-F-split del Pezzo surface of degree 2 in characteristic 3 is isomorphic to
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U3(3) × Z/2Z. For automorphism groups of del Pezzo surfaces in positive characteristic,
see [3].

ACKNOWLEDGMENT. I am very grateful to Professor Nobuo Hara for raising some
questions on a geometric characterization of configuration of points which are the centers of
blow-ups to give non-F-split del Pezzo surfaces, and for helpful comments. I would also like
to express my gratitudes to Professors Masayuki Hirokado, Hiroyuki Ito and Shunsuke Takagi
for valuable conversations and helpful comments. I would also like to thank the referee for
many useful comments and thoughtful suggestions.

The author was partially supported by Grants-in-Aid for Scientific Research 24540046,
Japan Society for the Promotion of Science.

References

[ 1 ] P. CRAGNOLINI and P. A. OLIVERIO, On the proof of Castelnuovo’s rationality criterion in positive charac-
teristic, J. Pure and Applied Algebra 68 (1990), 297–323.

[ 2 ] M. DEMAZURE, Surfaces de del Pezzo II-V, Lecture Notes in Mathematics 777, Springer, 1980, 23–69.
[ 3 ] I. DOLGACHEV, Finite subgroups of the plane Cremona group, Algebraic Geometry in East Asia-Seoul 2008,

Adv. St. in Pure Math. 60 (2010), 1–49.
[ 4 ] I. DOLGACHEV, Classical Algebraic Geometry: A Modern View, Cambridge University Press, 2012.
[ 5 ] N. HARA, A characterization of rational singularities in terms of injectivity of Frobenius maps, Amer. J. Math.

120 (1998), 981–996.
[ 6 ] J. W. P. HIRSCHEFELD, Projective geometries over finite fields, Oxford Science Publications, 1998.
[ 7 ] M. HOMMA, A combinatorial characterization of the Fermat cubic surface in characteristic 2, Geometriae

Dedicata 64 (1997), 311–318.
[ 8 ] V. B. MEHTA and A. RAMANATHAN, Frobenius Splitting and Cohomology Vanishing for Schubert Varieties,

Annals of Mathematics 122 (1985), 27–40.
[ 9 ] K. SCHWEDE and K. E. SMITH, Globally F-regular and log Fano varieties, Adv. Math. 224 (2010), 863–894.
[10] T. SHIODA, Arithmetic and Geometry of Fermat Curves, Proc. Algebraic Geometry Seminar, Singapore,

World Scientific, 1987, 95–102.
[11] K. E. SMITH, Globally F-regular varieties: applications to vanishing theorems for quotients of Fano varieties,

Michigan Math. J. 48 (2000), 553–572.
[12] K.-O. STÖHR and J. F. VOLOCH, Weierstrass points and curves over finite fields, Proc. London Math. Soc.

52 (1986), 1–19.

Present Address:
GRADUATE SCHOOL OF INFORMATION SCIENCES,
HIROSHIMA CITY UNIVERSITY,
OZUKA-HIGASHI, ASAMINAMI-KU, HIROSHIMA 731–3194, JAPAN.
e-mail: natsuo@math.info.hiroshima-cu.ac.jp



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ARA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /BGR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHT (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DAN (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENU (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ETI (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /FRA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /GRE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HEB (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HRV (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HUN (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ITA (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /LTH (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /LVI (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /NLD (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /NOR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /PTB (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUM (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SKY (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SLV (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SUO (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SVE (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /TUR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /UKR (Use these settings to create Adobe PDF documents best suited for prepress printing of International Academic Publishing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFFff08682aff0956fd969b6587732e53705237793e306e51fa529b6a5f306b90693057305f002000410064006f0062006500200050004400460020658766f830924f5c62103057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e30593002>
  >>
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive true
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


