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Abstract We investigate the Friedberg—Lee (FL) symmetry
and its promotion to include the u—t symmetry, and call this
the twisted FL symmetry. Based on the twisted FL symme-
try, two possible schemes are presented toward the realis-
tic neutrino mass spectrum and the tri-bimaximal mixing. In
the first scheme, we suggest the semi-uniform translation of
the FL. symmetry. The second one is based on the S3 per-
mutation family symmetry. The breaking terms, which are
twisted FL symmetric, are introduced. Some viable models
in each scheme are also presented.

1 Introduction

The precision measurements of the neutrino oscillation have
suggested that there are large mixings among three genera-
tions in the lepton sector unlike the quark sector. The current
experimental data of mixing angles [1] is well approximated
by the tri-bimaximal mixing (TBM) [2, 3], which is given by

2/V6  1//3 0
Vig=|-1/v6 1/¥3 —1/v2]. €]
—1/¥6 1/¥/3 1/2

The properties of this mixing matrix are that the second gen-
eration of the neutrino mass eigenstate is represented by tri-
maximal mixture of all flavor eigenstates, v2 = Y, vy/+/3,
and the third generation is bimaximal mixture of x and t
neutrinos, vz = (—v, +v;)/ V/2, in the diagonal basis of the
charged leptons. Naively, it appears that (1) implies the fol-
lowing forms of the neutrino mass matrix in the flavor basis,

R
M”z?l 2 1 1 +?2
2 1 1
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where m; (i = 1 ~ 3) are the neutrino mass eigenvalues.

Such suggestive forms of the generation mixing and the
neutrino mass matrices give us a strong motivation to look
for a flavor structure of the lepton sector. In fact there ex-
ist u—7 permutation symmetry in (2). The Majorana mass
matrix having the u—t symmetry is written by [4—8]

A B B

M'=|B Cc D], (3
B D C

where we assume that A, B, C and D are real. This form of

the neutrino mass matrix in the diagonal basis of the charged
leptons can be diagonalized by the following mixing matrix,

cos Oz sin 62 0
—sinfp/v2 cosbia/vV2  1/42 |. )
—sinf12/v/2 cosfp/vV2 —1/32

V=

This mixing matrix suggests that 63 is maximal /4, 013
is vanishing and 61, is undetermined. When there is a cer-
tain relation among the mass parameters in the matrix equa-
tion (3), which is A + B = C + D, the sin 63 is determined
such as sinfj5 = 1/+/3 and thus the mixing matrix becomes
the TBM one. Indeed, each mass matrix in (2) possesses the
relation A+ B = C + D as well as the u—7 symmetry. What
is the origin of such a special texture? A number of propos-
als based on a flavor symmetry to unravel it have been elab-
orated [9-27].

Recently, Friedberg and Lee have proposed a new type of
family symmetry called Friedberg—Lee (FL) symmetry [28].
The FL symmetry is a translational hidden family symmetry
and predicts one massless neutrino and the trimaximal mix-
ture for the second generation neutrino. Several possible ori-
gins of the FL. symmetry have been discussed in Ref. [29]. In
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addition to the symmetry, if we further impose the u—t sym-
metry, the model leads to the TBM [30-32] and can partly
realize the structure of (2). That is, the FL symmetry can
be the origin of the condition A + B = C + D. However, the
model cannot reproduce the realistic neutrino mass spectrum
as we shall explain later. Therefore, in order to construct a
viable flavor model based on the FL. symmetry, some break-
ings of the symmetry, additional symmetries and/or exten-
sions are needed.

In this letter, we consider the u—t symmetric extension
of the FL symmetry and refer to it as the twisted FL. symme-
try. Then we propose two possible schemes to obtain the ex-
perimentally favored neutrino mass spectrum and the TBM.
The first scheme is based on the non-uniformity of the FL
translation and its breaking. In the second scheme, we in-
troduce the S3 permutation symmetry as a family one. It is
well known that the second term in (2), which is called a de-
mocratic form, can be realized by the S3 symmetry [33-35].
The other terms of (2) can be generated by introducing the
S3 symmetry breaking terms which are governed by the
twisted FL symmetry. In both schemes, the ©—7 symme-
try remains intact and the FL symmetry (and S3 symmetry)
ensures the condition A + B = C 4+ D mentioned above.

The letter is organized as follows. In Sect. 2, we de-
fine the twisted FL symmetry and propose a realistic model
for the Majorana neutrinos on the basis of the non-uniform
translation. In Sect. 3, we focus on the $3 permutation sym-
metry and propose models for both Dirac and Majorana neu-
trinos. Section 4 is devoted to a summary. Detailed deriva-
tions of some neutrino mass matrices based on the twisted
FL symmetry are summarized in Appendix.

2 Twisted FL symmetry and uniformity breaking

We start with the ordinary (type-I) seesaw mechanism [36—
38] with the three right-handed heavy Majorana neutrinos.
After integrating out the right-handed Majorana neutrinos,
the mass terms of the charged leptons and effective light Ma-
jorana neutrinos are written as

—L=0riM{LR; + S M+ hc, (5)

where ¢;; and £g; are the left- and right-handed charged
leptons, and v; are the light Majorana neutrinos. The i and
j stand for family indices. The charged lepton and effec-
tive Majorana neutrino mass matrices are denoted as M*
and MYV, respectively. In what follows, we take M" as a
real matrix since we do not discuss CP violation in this let-
ter and the following discussions can be simply implied to a
complex case. In the diagonal basis of the charged leptons,
MY is diagonalized by the Maki—Nakagawa—Sakata (MNS)
matrix: V&NS MY Viins = diag(my, mp, m3). In this basis,
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we impose the following translational family symmetry as a
hidden one only on the light Majorana neutrino mass term,

vi = V) = 8;jvj +ni&, (6)

where £ is a space-time independent Grassmann parameter,
£2=0,n= (91,12, m3)" are c-numbers, and S is the per-
mutation matrix between the second and third families:

1 00
S=10 0 1]. (7
010

This kind of family symmetry has been proposed by Fried-
berg and Lee in Ref. [28] for the first time, and is called
Friedberg—Lee (FL) symmetry. In (6), we combine the FL
symmetry with the u—t one and call it the twisted FL sym-
metry from now on.

In the following subsections, we propose two neutrino-
flavor models on the basis of the twisted FL symmetry. The
first model corresponds to a naive u—t symmetric exten-
sion of the original FL symmetry. We show that the model
can partially realize the structure of (2) but should be im-
proved to obtain the experimentally favored neutrino mass
spectrum. Then we propose a realistic model.

2.1 Uniform translation
First, we consider the uniform translation, that is n; =12 =

n3 in (6). Such a translation leads to the following effective
Majorana neutrino mass matrix, !

4 =2 =2 0 0
B B
MV:E -2 1 1 +(A+E) 0o 1 -1
-2 1 1 0 -1 1
®)

We find that the first and third terms in (2) are obtained.
The mass matrix can be diagonalized by the TBM matrix
equation (1) and leads to the neutrino masses

m| =3B, mo =0, m3 =2A + B. )
Since my > m is suggested from the solar neutrino os-
cillation experiment, this model is inconsistent with the
experimental data. In order to obtain the proper neutrino
mass spectrum, we need to introduce the symmetry break-
ing terms in (8). However, it seems hard to derive my > m|
in this model because it may be natural to assume that the
magnitude of the breaking terms should be smaller than that
of the terms based on a symmetry. In that sense, this model

cannot reproduce a realistic neutrino mass spectrum.

'A detailed derivation is given in Appendix.
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2.2 Semi-uniform translation

It has been shown that the twisted FL symmetry with the uni-
form translation cannot give the proper neutrino mass spec-
trum. Here, we consider a semi-uniform translation, 7, = 13
and Y i =0(@G=1~ 3).2 This translation leads to the ef-

fective Majorana mass matrix as>
B 1 11 B 0 0 O
MZE 1 1 1]+ A+§ 0 1 —=1]. @10
1 11 0 -1 1

We find that the second and third terms of (2) are obtained.
This mass matrix can be diagonalized by the TBM matrix
and leads to a massless neutrino, m; = 0. That is, we can
easily realize a viable model in terms of the twisted FL sym-
metry with the semi-uniform translation.

The nonzero m can be also obtained by introducing the
symmetry breaking terms in (10). It is seen that if the break-
ing term has a particular structure such as the first term
in (2),

4 -2 -2
cl-—2 1 1], (11)
2 1 1

the TBM and a massive m are realized. Actually, such a
form of a mass matrix can be obtained in the twisted FL
scheme with non-uniform translation, n; # n; (i # j) with
3m =Y n 4 Consequently, the 1—t symmetry and the con-
dition A + B = C + D mentioned in the introduction are re-
mained. They are just the result of the twisted FL operation.

As a result, the whole mass matrix takes the same from
as (2), and neutrino masses are written as

3

my = =B,

5 m3 =2A + B. (12)

my = 6c¢,
The neutrino mass spectrum is the normal hierarchy. The
smallness of m is easily understood by the fact that the
mass is induced from the symmetry breaking.

3 Democratic texture with twisted FL symmetry

In this section, we propose other realizations of the exper-
imentally favored neutrino mass spectrum and the TBM in
terms of the twisted FL symmetry. We take the S3 symmetry
as a fundamental flavor symmetry and introduce breaking
terms which are twisted FL symmetric.

2This translation, equivalently n; o (2, —1, —1), corresponds to the
case of k = —1/2 in Ref. [30, 31].

3 A detailed derivation is also given in Appendix.

4A detailed derivation is given in Appendix.

3.1 Dirac neutrinos

We focus on the Dirac neutrinos in this subsection. The mass
terms of the charged leptons and Dirac neutrinos are written
as

—Ly, ZELiMiejﬁRj—}-l_)LiMi?ij+h.c., (13)

where vz; and vg; are the left- and right-handed Dirac neu-
trinos, respectively. The Dirac mass matrix is denoted as
MP, and for simplicity we assume that MP is real. Here
we separately impose the S3 permutation symmetry for the
left- and right-handed neutrinos as a flavor symmetry. They
are shown by S37 and S3g, respectively. It is well known
that the minimal introduction of matter contents in the Higgs
sector, which contains a single elementary scalar in the sin-
glet representation of both S37 and S3g symmetries, leads to
the following invariant Dirac mass matrix under S3z X S3g
symmetry,5

MP=cl|1 1 1}]. (14)
1 1 1

By comparing the mass matrix with (2), one can see that
the resulting mass spectrum is m, = 3C and m; =m3 =0
with the TBM. Thus the model is experimentally unfavored.
The possible way to rescue the model is to obtain the non-
vanishing m or m3. We consider a case to have non-zero
m1 by introducing the symmetry breaking term based on the
FL symmetry in what follows.°

Before introducing the breaking terms, we consider an
extension of the twisted FL symmetry for the Dirac neutri-
nos. We extend the twisted FL symmetry for the Dirac neu-
trinos in the following way,

vii — Vi = Shvrj + L. (15)
VRi = Vi = S} vRj + &k (16)

Under these transformations, the form of the Dirac mass
matrix is constrained to the one given in (11) as discussed
in Appendix. Note that the Dirac mass matrix is invari-
ant under the independent transformations for the left- and

5By changing the basis of (14), the mass matrix has only the 3-3
element. Both the mass matrix and one in (14) have only one non-
vanishing mass eigenvalue and the same mass spectrum. However, the
flavor mixings are different. The mass matrix containing only the 3-3
element does not lead to any mixings clearly but the democratic form
of matrix in (14) has large mixings. This has been pointed out in Ref.
[39]. In this letter, we take the democratic basis in (14) for phenom-
enological interests.

6Some proposals of breaking of such a $3 flavor symmetry, which leads
to the democratic mass matrix, have been discussed in model includ-
ing extended Higgs sector [33], O(3) breaking mechanism [40], and
considering perturbative effects [41].
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right-handed neutrinos such as (vp;, vgi) — (U/Li, VRi) oOr
(vri, v;ﬁ).7 For the Dirac neutrinos, the twisted FL. symme-
try each for the left- and right-handed neutrinos can lead to
the strange form of mass matrix given in (11) as preserving
the uniformity. That is one of the interesting features of the
twisted FL symmetry for the Dirac neutrinos.

We add the mass matrix equation (11) to (14) as the
breaking terms for the S3;, x S3r flavor symmetry. Conse-
quently, the total Dirac neutrino mass matrix is written as

11 4 -2 -2
MP=cl1 1 1]4+c|-2 1 11, (17)
11 1 -2 1 1

and the neutrino mass spectrum is given by

m1 = 6c¢, my =3C, m3 =0, (18)
which suggests the inverted neutrino mass hierarchy. The
TBM can be also realized. This is a minimal scheme: the
twisted FL symmetry for the Dirac neutrinos is introduced as
the symmetry of the breaking term. We note that the whole
mass matrix equation (17) violates the S3;, x S3g symmetry

but still preserves the u—t symmetry.
3.2 Majorana neutrinos

Here a similar model is presented for the Majorana neutri-
nos. The most general Majorana mass matrix based on the
S3 symmetry can be written as

E F F

MY = (19)

F E F

F F E

This matrix has two degenerate eigenvalues,
my=FE—F, my=FE+2F, my=FE—F, (20)
where we take m; = m3 and assume that M" is real. To
obtain the mass difference between m and m3, we introduce
(8) as a symmetry breaking term. Then the total Majorana
neutrino mass matrix is written as

E F F\ ,[(4 -2 -2
M=|F E F|+2][=2 1 1
FrF E 2\2 1 1
[0 00
+(a+—) 0o 1 —1]. @1
2J\o -1 1

7If we impose the same twisted FL symmetry on both left- and right-
handed neutrinos, vr; pi — v/Ll. ri = SijvLj,rj + &, the form of the
mass matrices given in (8) is obtained as the Dirac neutrino mass ma-
trix.

@ Springer

This matrix can also be diagonalized by the TBM matrix,
and mass eigenvalues are given by

my=E—F+3b,
my;=FE+2F, (22)
m3=mi| +2(a+Db).

It seems that a natural mass spectrum induced by this model
is the quasi-degenerate one because the mass difference be-
tween m| and m3 is determined by only the small symme-
try breaking parameters a and b. For instance, in accordance
with Ref. [41], if we require ' = —2F and E > 0, the break-
ing parameters must be b < 0 and |a| > |b| to satisfy the
recent neutrino oscillation update given in Ref. [1]

Am3; = (7.695 £0.645) x 107 eV, (23)
Am3; = (2407011 x 1077 eV2. 24)

Then this model results in the degenerate mass spectrum.

4 Summary

We have considered the promotion of the FL. symmetry to
contain the u—t symmetry and call this the twisted FL sym-
metry. It has also been shown that the symmetry with the
uniform translation for neutrinos can partially realize the de-
sired forms of the neutrino mass matrix for the TBM but
should be improved to obtain the experimentally favored
neutrino mass spectrum. Then, we have presented two pos-
sible schemes which can achieve a realistic neutrino mass
spectrum and the TBM.

The first scheme is based on the non-uniformity of the
FL symmetry. We have discussed that for Majorana neutri-
nos and presented a viable model which predicts the normal
mass hierarchy. In the second scheme, we have focused on
the S3 permutation family symmetry. The breaking terms as
preserving the twisted FL. symmetry have been introduced
there. We have examined that for both Dirac and Majorana
neutrinos. In the case of the Dirac neutrinos, the model pre-
dicts the massless third generation neutrino and the inverted
mass hierarchy. The model for the Majorana neutrinos in
this scheme results in the degenerate mass spectrum. All of
the models lead to the TBM.
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Appendix: Twisted Friedberg-Lee symmetry B g\ (0 0O O
=5 1 1 +<A+5> o 1 -1,

In this appendix, we give a detailed discussion how to ob- 0o -1 1
tain the neutrino mass matrices used in the main part from

. . . (A.6)
the twisted FL symmetry. Discussions are presented for both
Majorana and Dirac neutrinos. [Shared-uniform: 35y = Y 1 1 # n; (i # J)]
A.1 Majorana neutrinos 4 o _o

v —
Let us consider the Majorana neutrino case and define the M= ; i i (A7)
mass term as follows, -
—Ly = vy Mjv;. (A.1)  A.2 Dirac neutrinos
After operatllng the twisted FL transformation given in (6) Next, let us consider the Dirac neutrino case
on the neutrino fields, the mass term becomes
. —c _ _ =3 MPyp:

MYV — [0F Sk + 18 | MY IS0 + €] (A2) LD =VLiMijvgj+h.c. (A-8)

Hence, the invariance of (6) requires the pu—t symmetry,
SMVS = MY, and the translational symmetry, 7 M" =
MVn = 0. Firstly, the yu—t symmetry restricts the form of
MY to that of (3). For convenience we adopt the following
parameterization here:

D -2 -2C
M'=|-2C A+B -A (A.3)
—2C —-A A+B

Secondly, from the translational symmetry, one finds the
conditions

D -2C -2C N1
./\/l;)/ nj=|-2C A+B -A m|=0. (A4
-2C —-A A+B n3

The resulting form of the mass matrix depends on the corre-

lation among 7n;. The mass matrices used in the main part are

corresponding to the following three classes of uniformity:
[Uniform: n = n2 = n3]

2B -B -B
M'=|-B A+B -A
-B —-A A+B
g4 —2 -2
=7 -2 1 1
-2 1 1
0 O 0

B
+ (A + E) o 1 -1], (A5)
0 -1 1

[Semi-uniform: 1y = n3, ) n; =0]

B/2 B/2 B)2
B/2 A+B —A
B/2 —-A A+B

MY =

For Dirac neutrinos, in general, the twisted FL. symmetry
can be imposed on the left- and right-handed neutrinos sep-
arately as

vLi = Vi = Shvrj 4+ 0L, (A.9)

R
VRi_>V;ei=SijVRj+nRjE- (A.10)
Two independent pu—t permutation symmetries make the
Dirac mass matrix as

D -2C
—-2B —-A -A],
—-2B —A -A

MP = (A.11)

while the translational symmetries lead to the conditions

D _2C —2C an
MY nrj=|-2B —A —A || |=0, (A12)
—2B -A —A NR3
and
D -2C -=-2C
NLi Mz?Z(nLl nr2 nL3) 2B —A —A
—2B —-A —A
=0. (A.13)

The resulting form of the mass matrix depends on the cor-
relations among ny; and ng; again. In this letter, we have
assumed the uniform translation, that is nz; o< (1,1, 1) and
ngi o« (1,1, 1). Then, the mass matrix of the Dirac neutrino
takes the form

4 -2 -2
MP=c|-2 1 1 (A.14)
-2 1 1

@ Springer



526

Eur. Phys. J. C (2009) 63: 521-526

References

W

W

10.
11.
12.
13.

14.
15.

16.
17.
18.
19.
20.
21.
22.

2

. T. Schwetz, M. Tortola, J.W.E. Valle, New J. Phys. 10, 113011
(2008)

PF. Harrison, D.H. Perkins, W.G. Scott, Phys. Lett. B 530, 167
(2002)

P.F. Harrison, W.G. Scott, Phys. Lett. B 535, 163 (2002)

T. Fukuyama, H. Nishiura, in Proceedings of 1997 Shizuoka
Workshop on Masses and Mixings of Quarks and Leptons.
hep-ph/9702253

G. Altarelli, F. Feruglio, Phys. Lett. B 439, 112 (1998)

E. Ma, M. Raidal, Phys. Rev. Lett. 87, 011802 (2001)

C.S. Lam, Phys. Lett. B 507, 214 (2001)

K.R.S. Balaji, W. Grimus, T. Schwets, Phys. Lett. B 508, 301
(2001)

G. Altarelli, F. Feruglio, Nucl. Phys. B 720, 64 (2005)

E. Ma, Phys. Lett. B 632, 352 (2006)

A. Zee, Phys. Lett. B 630, 58 (2005)

W. Grimus, L. Lavoura, J. High Energy Phys. 0601, 018 (2006)
N. Haba, A. Watanabe, K. Yoshioka, Phys. Rev. Lett. 97, 041601
(2006)

R.N. Mohapatra, S. Nasri, H.B. Yu, Phys. Lett. B 639, 318 (2006)
I. de Medeiros Varzielas, S.F. King, G.G. Ross, Phys. Lett. B 648,
201 (2007)

G. Altarelli, F. Feruglio, Y. Lin, Nucl. Phys. B 775, 31 (2007)

H. Zhang, Phys. Lett. B 655, 132 (2007)

P.D. Carr, P.H. Frampton, hep-ph/0701034

A. Dighe, S. Goswami, P. Roy, Phys. Rev. D 76, 096005 (2007)
M.C. Chen, K.T. Mahanthappa, Phys. Lett. B 652, 34 (2007)

Y. Koide, arXiv:0707.0899 [hep-ph]

N. Nimai Singh, H. Zeen Devi, M. Patgiri, arXiv:0707.2713 [hep-

phl]

Springer

23.

24.

25.

26.
217.

28.
29.
30.
31.
32.
34.
35.

36.
37.

38.

39.
40.

41

F. Bazzocchi, S. Morisi, M. Picariello, Phys. Lett. B 659, 628
(2008)

F. Plentinger, G. Seidl, W. Winter, J. High Energy Phys. 0804, 077
(2008)

S. Antusch, S.F. King, M. Malinsky, J. High Energy Phys. 0805,
066 (2008)

Y. Lin, arXiv:0804.2867 [hep-ph]

N. Haba, R. Takahashi, M. Tanimoto, K. Yoshioka, Phys. Rev. D
78, 113002 (2008)

R. Friedberg, T.D. Lee, High Energy Phys. Nucl. Phys. 30, 591
(2006)

C.S. Huang, T. Li, W. Liao, S.H. Zhu, Phys. Rev. D 78, 013005
(2008)

S. Luo, Z.Z. Xing, Phys. Lett. B 646, 242 (2007)

Z.Z. Xing, Int. J. Mod. Phys. E 16, 1361 (2007)

Z.7Z. Xing, H. Zhang, S. Zhou, Phys. Lett. B 641, 189 (2006)

. H. Harari, H. Haut, J. Weyers, Phys. Lett. B 78, 459 (1978)

M. Fukugita, M. Tanimoto, T. Yanagida, Phys. Rev. D 57, 4429
(1998)

M. Tanimoto, Phys. Lett. B 483, 417 (2000)

P. Minkowski, Phys. Lett. B 67, 421 (1977)

T. Yanagida, in Proceedings of the Workshop on Unified Theories
and Baryon Number in the Universe, ed. by O. Sawada, A. Sug-
amoto (KEK report 79-18, 1979)

M. Gell-Mann, P. Ramond, R. Slansky, in Supergravity, ed. by P.
van Nieuwenhuizen, D.Z. Freedman (North-Holland, Amsterdam,
1979)

N. Haba, K. Yoshioka, Nucl. Phys. B 739, 254 (2006)

M. Tanimoto, T. Watari, T. Yanagida, Phys. Lett. B 461, 345
(1999)

. C. Chen, L. Wolfenstein, Phys. Rev. D 77, 093009 (2008)


http://arxiv.org/abs/hep-ph/9702253
http://arxiv.org/abs/hep-ph/0701034
http://arxiv.org/abs/0707.0899
http://arxiv.org/abs/0707.2713
http://arxiv.org/abs/0804.2867

	Tri-bimaximal mixing from twisted Friedberg-Lee symmetry
	Introduction
	Twisted FL symmetry and uniformity breaking
	Uniform translation
	Semi-uniform translation

	Democratic texture with twisted FL symmetry
	Dirac neutrinos
	Majorana neutrinos

	Summary
	Acknowledgements
	Appendix: Twisted Friedberg-Lee symmetry
	Majorana neutrinos
	Dirac neutrinos

	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


