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ON QUADRATIC TWISTS OF HYPERELLIPTIC CURVES

MOHAMMAD SADEK

ABSTRACT. Let C be a hyperelliptic curve of good reduc-
tion defined over a discrete valuation fieldK with algebraically
closed residue field k. Assume moreover that char k �= 2.
Given d ∈ K∗ \ K∗2, we introduce an explicit description
of the minimal regular model of the quadratic twist of C by
d. As an application, we show that if C/Q is a nonsingular
hyperelliptic curve given by y2 = f(x) with f an irreducible
polynomial, there exists a positive density family of prime
quadratic twists of C which are not everywhere locally solu-
ble.

1. Introduction. Let C be a nonsingular hyperelliptic curve defined
over Q with an affine model given by the equation y2 = f(x) ∈ Z[x],
where deg (f) ≥ 3. The genus of C will be called g. If d > 1 is a square
free integer, then we write Cd for the quadratic twist of C by d. In
particular, Cd is defined by dy2 = f(x).

We try to find an explicit description of the minimal regular model
of Cd/Qp in terms of the minimal regular model of C/Qp itself, when
C has good reduction.

Let Δ denote the minimal discriminant of C/Qp, see [2, Section 2].
For every prime p � Δ, C/Qp has good reduction. Hence, the minimal
regular model of C/Qp is smooth over Zp. The minimal regular model
of Cd/Qp, p | d is obtained as the minimal desingularization of a
quotient of a smooth scheme by a twisted action of some finite group,
see Section 3. In fact, we prefer to handle the problem over the maximal
unramified extension of Qp to avoid any complications which might
appear because the residue field Fp is not algebraically closed.

As we investigate minimal regular models of quadratic twists of a
hyperelliptic curve C over Qp, we cannot see how to do the curves Cd,
where one of the prime divisors p of d is a bad prime of C and f has
no simple root when reduced modulo p. The difficulty lies in the wide
range of possibilities of the structure of the minimal regular model of
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C/Qp when C has bad reduction. Furthermore, we are not aware of any
reference which discusses the desingularization of quotient singularities
of models of algebraic curves when these singularities are not ordinary
double points.

Now assume C is a hyperelliptic curve defined over Q given by the
equation y2 = f(x), where f(x) is an irreducible polynomial. Using the
description of the minimal regular model of a quadratic twist of C/Qp,
we show that there is an infinite number of quadratic twists of C with
no Qp-rational points. In particular, for a nonsingular hyperelliptic
curve C/Q, there exists an infinite number of quadratic twists Cd of C
such that Cd(Qp) = ∅ for some prime p, and hence Cd(Q) = ∅.

2. Hyperelliptic curves. The material in this section can be found
in [3, subsection 7.4.3].

We assume K is a field with charK �= 2 and algebraic closure K.
Two hyperelliptic equations with coefficients in K

y2 = f(x) and z2 = f ′(u)

represent isomorphic curves if and only if

x =
au+ b

cu + d
, y =

ez

(cu+ d)g+1

where (
a b
c d

)
∈ GL2(K), e ∈ K∗.

We associate a discriminant Δ to a hyperelliptic equation y2 = f(x) as
in [2, Section 2]. This equation defines a smooth curve if and only if
Δ �= 0.

By a hyperelliptic curve C over K we mean a smooth curve of genus
g ≥ 2 endowed with a morphism C → P1

K of degree 2. There
exists a hyperelliptic equation y2 = f(x) ∈ K[x] describing C with
deg f ∈ {2g + 1, 2g + 2}. The fact that C is smooth implies f(x)
is separable over K. The equation y2 = f(x) has one singularity at
infinity. If deg f = 2g+1, the singularity at infinity corresponds to one
point ∞ on the hyperelliptic equation. If deg f = 2g+2, the singularity
corresponds to two points ∞+ and ∞− on the hyperelliptic equation,
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and these can be distinguished by the value of the rational function
y/xg+1. If deg f = 2g + 2, then there exists a hyperelliptic equation
z2 = f ′(u) describing C over K with deg f ′ = 2g + 1, and it describes
C/K if and only if f(x) has a zero in K.

Let C be a smooth hyperelliptic curve of genus g ≥ 2 defined over K
by the equation y2 = f(x). We will denote the hyperelliptic involution
on C by ι : C → C. Let K ′ = K(

√
d) be a separable quadratic

extension of K where d ∈ K \ K∗2. By a quadratic twist Cd of C
we mean the hyperelliptic curve obtained from the curve C/K ′ by
twisting the curve C/K by the cohomology class corresponding to K ′

in H1(K, 〈ι〉).
This means that if σ generates Gal (K ′/K), then the twisted action

of Gal (K ′/K) on C(K ′) is given by Q → ι(σQ). To produce an
explicit equation describing Cd, we consider the quadratic character
χ : Gal (K ′/K) → {±1} associated with K ′/K, i.e., χ(σ) =

√
d
σ
/
√
d.

Then we define a cocycle in

H1(K, 〈ι〉) ∼= H1(K,Z/2Z)

= Hom (Gal (K/K),Z/2Z)

= Hom (Gal (K/K),±1)

by
ξ : Gal (K/K) −→ {±1}; ξτ = [χ(τ)].

Now, K(C) = K(x, y) and K(Cd) = K(x, y)ξ (the twist of the function
field by the cocycle ξ). Since ι(x, y) = (x,−y), the action of σ on
K(x, y)ξ is described by

√
d
σ
= χ(σ)

√
d, xσ = x, yσ = χ(σ)y.

Thus, the functions which are fixed by Gal (K ′/K) in K(x, y)ξ are

x′ = x, y′ = y/
√
d; hence, they are in K(Cd). They satisfy the equation

dy′2 = f(x′).

The curves C and Cd are isomorphic over K ′ via (x′, y′) �→ (x′, y′
√
d).

3. Minimal regular models of hyperelliptic curves. We assume
that K is a complete discrete valuation field with ring of integers OK ,
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valuation ν, uniformizer t and residue field k with char k �= 2. Set
S = SpecOK .

Let C be a hyperelliptic curve defined overK. In [2], Liu associates to
C a projective model W , a Weierstrass model of C, defined over OK ,
arising from a hyperelliptic equation of C with integral coefficients.
The discriminant ΔW of W is the discriminant of this hyperelliptic
equation. The model W is said to be minimal if ΔW is minimal,
i.e., ν(ΔW ) is the least possible valuation among the valuations of the
discriminants of the hyperelliptic equations related to our equation via
the transformations of the form given in Section 2. If C(K) �= ∅, then
W being minimal implies that the minimal regular model of C is the
minimal desingularization of W , see [5, Corollary 5].

Let W be a minimal Weierstrass model of C. The curve C has good
reduction if ν(ΔW ) = 0. In fact, the latter statement is equivalent to
saying that the minimal regular model C of C over S is smooth, see [2,
Section 3]. Moreover, C is the unique smooth model of C over S, ([3,
Proposition 10.1.21 (b)]).

Lemma 3.1. Assume that C has good reduction over k. Let K ′/K
be a finite extension with residue extension k′/k. Then C ×K K ′ has
good reduction over k′.

Proof. Let C be a minimal Weierstrass model of C. Let ν′ be the
valuation corresponding to K ′. Since ν′ = eK′/K × ν, where eK′/K is
the ramification index ofK ′/K, one has ν′(ΔC) = eK′/K×ν(ΔC) = 0.

Recall the following results, which allow us to determine whether
a curve defined over a complete discrete valuation field K has a K-
rational point.

Lemma 3.2 [3, Corollary 9.1.32]. Let C be an algebraic curve of
genus g ≥ 1 defined over K. Let C → S be the minimal regular model
of C. Assume that C(K) �= ∅. Then a point P ∈ C(K) is reduced to

a point P̃ ∈ Ck(k) and Ck is smooth at P̃ . In particular, P̃ belongs to
a single irreducible component of multiplicity 1 in Ck.
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Lemma 3.3. Let C be a smooth hyperelliptic curve over K. Assume
that C has good reduction over k. Let K ′/K be a quadratic extension
with residue field k′/k. Let C′ be the minimal regular model of C ×K ′.
Then C′ is smooth over OK . Moreover, C′

k′ consists of one irreducible
component of multiplicity 1.

Proof. Since C has good reduction over k, then it extends to a
smooth relative curve C/OK . This relative curve is the minimal regular
model of C over OK . Hence, it consists of one irreducible component
Γ. If C(K) �= ∅, then mult (Γ) = 1, see Lemma 3.2, otherwise
mult (Γ) = 2. The reason for the latter statement is as follows: Let
D be the image of Γ in P1

S under the morphism g : C → P1
S . We

will denote the generic points of Γ and D by ξ and ξ′, respectively.
The morphism g restricts to OΓ,ξ → OD,ξ′ . The valuations νΓ and νD
are the corresponding normalized valuations to Γ and D, respectively.
Remember that νD(t) = 1 because D is reduced. One has [Frac (OΓ,ξ) :
Frac (OD,ξ′)] = 2. Since Γ is not reduced, we deduce that t ramifies in
Frac (OΓ,ξ). Thus, νΓ(t) = 2.

Lemma 3.1 implies that the minimal regular model of C × K ′ is
smooth. Again it consists of one irreducible component Γ′ of mul-
tiplicity 1. This is clear if mult (Γ) = 1. If mult (Γ) = 2, then
mult (Γ′) = mult (Γ)/[K ′ : K], see for example [4, subsection 2.4].
It is true that the mentioned reference gives results when k = k, but
if we take a base change over the maximal unramified extension of K,
then the multiplicity of components will not change.

We have to mention that the statements of Lemmas 3.1 and 3.3 are
true for any base extension. In other words, smoothness is preserved
by arbitrary base change. We wrote down the proofs when the base
change is quadratic for the convenience of the reader.

In what follows we assume k is algebraically closed. Hence, K ′ =
K(

√
t) is the unique quadratic extension of K, and it is totally

and tamely ramified. Furthermore, K ′/K is Galois. Let G :=
Gal (K ′/K) = 〈σ〉.
Again C/K is a hyperelliptic curve. We assume that C/K has good

reduction. We are concerned with the twisted action of σ on C(K ′)
given by Q → ι(σQ), where ι : C → C is the hyperelliptic involution
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on C and σ(Q) is the usual Galois action of σ on C(K ′). Now the
automorphism σ : C → C extends to the minimal regular models C
and C′ of C and C × K ′, respectively. We will denote the extended
automorphism by σ again.

Let Ct be the quadratic twist of C by t. In what follows we obtain the
minimal regular model of Ct/K as the minimal desingularization of the
quotient scheme C′/〈σ〉 by the twisted action of σ. In other words, we
construct the minimal regular model of Ct/K from the minimal regular
model of C/K.

The first step is to find the fixed points of the twisted action of σ on
C′. This is because the singular points of C′/〈σ〉 lie among the images
of the points of C′ fixed by σ. Let y2 = f(x) be a minimal hyperelliptic
equation describing C. Then the assumption that C has good reduction
implies that f(x) has no repeated roots over k. If P ∈ C×K ′, we denote
its reduction by P̃ .

Proposition 3.4. Let P ∈ C ×K ′. The following are equivalent:

(i) P is fixed under the twisted action of σ.

(ii) P̃ = (x̃, ỹ) is fixed under the twisted action of σ.

(iii) f(x̃) = 0 over k.

Proof. The twisted action of σ on P is given by ι(σP ). Let
P = (x0 + x1

√
t, y0 + y1

√
t), where x0, x1, y0, y1 ∈ K is fixed if and

only if (x0 − x1

√
t,−y0 + y1

√
t) = (x0 + x1

√
t, y0 + y1

√
t). Hence,

x1 = y0 = 0. Whence P is fixed if and only if P = (x0, y1
√
t) where

x0, y1 ∈ K. The latter is equivalent to P̃ = (x̃0, 0), or equivalently,
f(x̃0) = 0 in k. Now if (x, y) ∈ Ck, then it is σ-fixed if and only if
(x, y) = (x,−y), i.e., 2y = 0 but 2 ∈ k∗, hence y = 0. So (i) ⇔ (ii)
holds.

Recall that C and Ct are isomorphic overK ′. Therefore, both C×K ′

and Ct × K ′ have the same minimal regular model C′ → SpecOK′ .
The model C′ is smooth. Since C′ is projective, the S-quotient scheme
Z := C′/〈σ〉 is constructed by gluing together the rings of invariants of
〈σ〉-invariant affine open sets of C′. Moreover, Z is a normal scheme
and hence its singular points are closed points of the special fiber.
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Proposition 3.5. Let σk : C′
k → C′

k and σred
k : C′red

k → C′red
k be the

natural morphisms induced by σ. Then the natural map

C′red
k /〈σred

k 〉 → Zred
k := (C′/〈σ〉)redk

is an isomorphism over k.

Proof. See ([6, Facts II, III]).

In fact, if α : C′ → Z is the quotient map, then α induces a natural
map C′

k → Zred
k which factors as follows:

C′
k −→ C′

k/〈σk〉 → Zred
k

where the second map is the normalization map of Zred
k , see [5, page

21].

Proposition 3.6. The generic fiber of Z := C′/〈σ〉 is isomorphic to
Ct/K.

Proof. The generic fiber of Z is given by

ZK = Z ×OK K = (C′/〈σ〉)×OK K = (C′ ×OK K)/〈σ〉.

But one has

C′ ×OK K = C′ ×OK′ OK′ ×OK K = C′ ×OK′ K
′ = C ×K ′.

Since we consider the twisted action of σ, we have ZK = Ct.

Now we aim to prove that the minimal desingularization Z̃ of the S-
quotient scheme Z = C′/〈σ〉 is the minimal regular model of Ct/K.
Moreover, we will show that this model consists of one irreducible
component of multiplicity 2, the image of the special fiber C′

k of C′ in
Z, and a finite number of multiplicity-1 irreducible components each of
which corresponds to a singular point of Z. In particular, if ρ : C′ → Z
is the quotient map, we will prove that, since C′ is smooth, then the
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only singular points of Z are the images of the σ-fixed points of C′

under ρ.

Consider the morphism

C′
k

β−→ C′
k/〈σk〉.

Let y2 = f(x) be a minimal hyperelliptic equation defining C. Since C
is smooth, the minimal regular models C and C′ are smooth, and they
are still defined by this affine equation. The ramification points of β are
the zeros of f(x) over k plus the point at infinity when deg f = 2g+1.
Since f(x) splits completely into linear factors over k, because k = k,
the number of the ramification points of β is 2g + 2.

Theorem 3.7. Let C/K be a hyperelliptic curve of genus g. Assume
that C has good reduction over k. Let C′ be the minimal regular model of
C×K ′. Again Gal (K ′/K) = 〈σ〉. Let Z denote the quotient of C′ by the
twisted action of σ by the hyperelliptic involution. Then Z is singular
exactly at the images x1, . . . , xm, m = 2g+2, of the ramification points
of the morphism β : C′

k → C′
k/〈σk〉 in Z.

Let Z̃ → Z be the minimal desingularization of Z. Then Z̃ is
the minimal regular model of the quadratic twist Ct of C over K ′.
Moreover, Z̃k consists of an irreducible component Θ of multiplicity 2
and components Γ1, . . . ,Γm of multiplicity 1, each of which corresponds
to blowing-up one of the xi’s; moreover, Θ and Γi’s are of genus zero,
see the following figure.

· · · · · · · · · · · ·
1 Γ1 1 Γ2 1 Γ3 1 Γm

2

Θ

Proof. We have seen that the generic fiber ZK is the curve Ct/K,
Proposition 3.6. Furthermore Z is a normal scheme. As we know that
C′
k consists of one irreducible component of multiplicity 1, Lemma 3.3,

the image of this irreducible component in Zk has multiplicity [K ′ :
K] = 2, see [6, Fact IV].
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To obtain the minimal desingularization of Z we only need to blow-up
the singularities of Z. We will show first that x1, . . . , xm are exactly
the singular points of Z. If the points x1, . . . , xm were regular, then
the morphism α : C′ → Z would be flat above x1, . . . , xm. Hence, by
Zariski’s purity theorem, the branch locus α(C′ \ U), where U is the
largest open subscheme of C′ such that α|U : U → Z is étale, is of
codimension 1, see [3, Exercise 8.2.15], a contradiction.

Now we blow up Z at each xi, i = 1, . . . ,m, to construct the minimal
desingularization Z̃ → Z. Since xi is a singular point of Z, it is known
that if v1, v2 are local parameters of the local ring OZ,xi , then the
twisted action of σk on v1, v2 is described as follows:

σk(v1) = −v1, σk(v2) = −v2,

see [12, Lemma 2.2] or [10, Lemma 2]. Let T = Spec ÔZ,xi and

TG = Spec ÔG
Z,xi

. Because xi is non-regular, then TG is a non-

regular local scheme. The monomials s1 = v21 , s2 = v1v2 and s3 = v22
are invariant under the action of σk and any σk-invariant polynomial
in v1, v2 is a polynomial in these. Therefore, desingularizing TG is
equivalent to desingularizing Spec k[s1, s2, s3]/(s

2
2 − s1s3). It is known

that we need only one blow-up to desingularize k[s1, s2, s3]/(s
2
2 −

s1s3) at its only singular point corresponding to the maximal ideal
m = (s1, s2, s3). In fact, the exceptional curve of the blowing-up is
one irreducible component Γi isomorphic to P1

k, see for example [3,
Example 8.1.5]. Since σk acts trivially on xi, the multiplicity of the
irreducible component Γi is 1, see [1, Proposition 7.3 (ii)].

Each Γi has self-intersection −2, whereas the multiplicity-2 compo-
nent has self-intersection −g− 1 ≤ −3. Therefore, according to Castel-
nuovo’s criterion Z̃ contains no exceptional divisors, and hence Z̃ is the
minimal regular model of Ct/K.

We conclude by computing the genus of the irreducible components of
Z̃k. We see that the genus of each of the components Γi, 1 ≤ i ≤ 2g+2,
is 0, because Γi

∼= P1
k. We can apply Hurwitz’s formula, see [3, Remark

10.4.8], in order to find the genus of the multiplicity-2 irreducible
component Θ. In fact, if pa denotes the genus, then we have
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2pa(C′
k)− 2 = 2(2pa(Θ)− 2) +

∑
1≤i≤m

1 = 4pa(Θ) + 2g − 2.

Therefore, we deduce pa(Θ) = 0 and Θ ∼= P1
k.

In Theorem 3.7 we proved that the quadratic twist Ct/K of a
hyperelliptic curve C/K of genus g ≥ 2 and with good reduction
has a minimal regular model consisting of a component Θ ∼= P1

k of
multiplicity 2, and 2g+2 irreducible components Γ1, . . . ,Γ2g+2 each is
isomorphic to P1

k and of multiplicity 1. The intersection numbers are
given by Θ · Γi = 1 for every i and Γi · Γj = 0 for every i �= j. In case
g = 1, this is reduction type I∗0, see [11, Chapter IV, Section 9], while
for g = 2, this is reduction type [I∗0−0−0] given, for example, in [9, page
155].

4. Quadratic twists which are not everywhere locally sol-
uble. We start this section with the following result on irreducible
polynomials over Q.

Lemma 4.1. Let f(x) ∈ Z[x] be an irreducible polynomial over Q.
Then there exists an infinite set of primes Sf in Q with positive density
such that f(x) has no linear factors over Fp for every p ∈ Sf .

Proof. There exists an infinite set of primes Sf such that f(x) has no
linear factors over Fp for every p ∈ Sf , see [7, Remark 8.40 (d)]. The
Chebotarev density theorem implies that the density δ(Sf ) of Sf exists
and satisfies δ(Sf ) > 0, see for example, [8, Exercise 11.3.7].

Let C be a hyperelliptic curve over Q of genus g ≥ 1. Then C has
good reduction over all but finitely many finite places of Q, see [3,
Proposition 10.1.21 (a)]. The finite set of primes in Q of bad reduction
of C will be denoted by SΔ.

Let Cd be a quadratic twist of C with d > 1 a square free integer.
Since C and Cd are isomorphic over K = Q(

√
d), it follows that they

have the same minimal regular model over the ring of integers of any
completion of K at one of its finite places. If p /∈ SΔ, then this implies
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that for every prime p ∈ K lying above p, both C ×Kp and Cd ×Kp

have good reduction, see Lemma 3.1, where Kp denotes the completion
of K at p. In particular, the minimal regular model of Cd × Kp is
smooth.

We will denote the maximal unramified extension of the p-adic field
Qp byQun

p . The residue field of Qun
p is Fp. We write Zun

p for the ring of
integers of Qun

p . The following fact follows directly from Theorem 3.7.

Corollary 4.2. Let C : y2 = f(x) ∈ Z[x] be a hyperelliptic curve of
genus g ≥ 1 over Q. Assume, moreover, that f(x) is of even degree
and irreducible over Q. Let Cd be a quadratic twist of C with d > 1
a square free integer. If d has an odd prime factor p ∈ Sf \ SΔ, then
Cd(Q

un
p ) = ∅. Hence, Cd(Qp) = Cd(Q) = ∅.

In particular, there is a positive density family of prime quadratic
twists of C which are not everywhere locally soluble, and hence have no
Q-rational points.

Proof. Note that K := Qun
p (

√
d) = Qun

p (
√
p) because the residue

field Fp is algebraically closed. Since p /∈ SΔ, one has C×K is smooth
and f(x) factors completely into linear factors over Fp.

Let C → SpecOK be the minimal regular model of C × K and
Cd → SpecZun

p the minimal regular model of Cd/Q
un
p . According

to Theorem 3.7, the special fiber (Cd)Fp
consists of an irreducible

component of multiplicity 2 and multiplicity-1 irreducible components
Γ1, . . .Γm, m = 2g+2, corresponding to blowing-up the singular points
of C/〈σ〉, where Gal (K/Qun

p ) = 〈σ〉 and the action of σ on C is the
twisted action by the hyperelliptic involution introduced in Section 3.
These singular points correspond to the simple roots of f(x) over Fp

(plus the point at infinity if deg f = 2g + 1). But since f(x) has no
simple root over Fp as p ∈ Sf , and deg f = 2g + 2, it follows that each
Γi is defined over Fp and none of the Γi’s is defined over Fp. Indeed,
Cd → SpecZp consists only of the multiplicity-2 component. According
to Lemma 3.2, Cd(Qp) = ∅.
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discrète, Trans. Amer. Math. Soc. 348 (1996), 4577 4610.

3. , Algebraic geometry and arithmetic curves, Oxford Grad. Texts Math.
6, Oxford University Press, Oxford, 2002.

4. D. Lorenzini, Models of curves and wild ramification, Pure Appl. Math. Quart.,
to appear.

5. , Wild quotient singularities of surfaces, preprint.

6. , Dual graphs of degenerating curves, Math. Ann. 287 (1990), 135 150.

7. J.S. Milne,Algebraic number theory (v3.01), 2008, available at www.jmilne.org/
math/.

8. M.R. Murty and J. Esmonde, Problems in algebraic number theory, Grad.
Texts Math. 190, Springer-Verlag, 2005.

9. Y. Namikawa and K. Ueno, The complete classification of fibres in pencils of
curves of genus two, Manuscr. Math. 9 (1973), 143 186.

10. A.N. Pars̆in, Minimal models of curves of genus 2 and homomorphisms of
abelian varieties defined over a field of finite characteristic, Math. USSR 6 (1972),
65 108.

11. J. Silverman, Advanced topics in the arithmetic of elliptic curves, Grad. Texts
Math. 151, Springer-Verlag, 1995.

12. H. Xue, Minimal resolution of Atkin-Lehner quotients of X0(N), J. Number
Theor. 129 (2009), 2072 2092.

Department of Mathematics and Actuarial Science, American Univer-
sity in Cairo, New Cairo, Egypt 11835
Email address: mmsadek@aucegypt.edu



<<
  /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 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 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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [1200 1200]
  /PageSize [432.000 648.000]
>> setpagedevice


