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Abstract. Stellar atmosphere modeling and chemical abundance determina-
tions require the knowledge of spectral line shapes. Spectral lines of chromium
in various ionization stages are common in stellar spectra but detailed data
on Stark broadening for them is scarce. Recently we reported on the first
calculations of Stark widths for several 4s-4p transitions of double-ionized
chromium, employing the Modified Semi-Empirical approach (MSE). In this
work we present applications of the data to spectrum synthesis of Cr 11l lines
in the ultraviolet region of hot stars. The ATLAS9 model atmosphere code and
the line-formation code SURFACE were used with the assumption of local ther-
modynamic equilibrium. The improvements of adopting the MSE broadening
tables instead of approximate Stark broadening coefficients are investigated for
a total of 56 Cr11I lines visible in HST/STIS spectra of the B3 subgiant star
Iota Herculis and the subdwarf B-star Feige 66.
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1. Introduction

Most of our knowledge of the physical conditions of astrophysical systems relies
on the observations of electromagnetic radiation emitted by them. For example,
a stellar spectrum can reveal many properties of stars, such as their chemical
composition, temperature, density, distance, mass, luminosity, and radial motion
using Doppler shift measurements. The stellar spectral lines are not infinitely
sharp but have a finite width due to various physical processes. Each of these
processes introduces a characteristic shape that can be expressed in the form
of a line profile function ¢(v) where the parameters of a normalized line profile
(J ¢(v)dv = 1) are the central frequency vy, the Full Width at Half Maximum
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(FWHM) and the profile value at the central frequency ¢(vp). The knowledge
of spectral line shapes is required for stellar atmosphere modeling and chemical
abundance determinations. In this work, we focus on the study of line broad-
ening in stars due to collisions with neighboring charged particles, i.e., Stark
broadening, in particular for double-ionized chromium Cr 111.

1.1. Stark broadening

In plasma, collisional interactions between emitters/absorbers — atoms and ions,
and charged particles — free electrons and ions, results in the broadening of
spectral lines, called Stark broadening. The corresponding line profile, due to
the application of the impact approximation — the interactions are separated in
time —, and the isolated line approximation — neighboring energy levels do not
overlap —, (Baranger, 1958), results in a Lorentzian profile generally defined by
the corresponding FWHM and shift. The FWHM governs the shape of the line
while shift (which is usually less than the width), determines the position relative
to the central wavelength of the line, and it is not so important for studying the
influence of Stark broadening in stellar spectra and has been neglected in our
work. The isolated line approximation holds true for most of the spectral lines
originating from stellar atmosphere (Griem & Ralchenko, 2000) as well as for
spectral lines considered in this work, for electron densities of interest.

In order to produce a synthetic stellar spectrum that can be compared to ob-
servations, line broadening mechanisms other than Stark broadening also need
to be taken into consideration, like the natural line width and Doppler broaden-
ing. The resulting line profile is a convolution of the individual profile functions,
known as Voigt profile. Hence, any change in the FWHM due to Stark broad-
ening is reflected in the resulting synthetic stellar spectrum. It is worth noting
that the FWHM is proportional to the damping constant describing a spectral
line. In fact, damping constants have been widely used for stellar spectral syn-
thesis. In our investigation, for the calculation of synthetic spectra based on
approximate Stark broadening data, the damping constants obtained using the
methods described in Sec. 2.1 were used. On the other hand, for the calcula-
tion of synthetic spectra based on the broadening tables, the MSE calculated
FWHMs were included into the input file.

2. Method

We study and compare the effects of improved Stark broadening tables for Cr 111
lines (Dimitrijevié¢ & Chougule, 2018) and approximate Stark broadening con-
stants as described in Castelli (2005) on the calculation of synthetic stellar
spectra. We also compare these spectra with observations, for the B3 subgiant
star Iota Herculis and the subdwarf B-star Feige 66.
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2.1. Approximate Stark broadening data

As reported in Castelli (2005), the Stark damping constant used for line com-
putation is a fit by Peytremann (1972) to the detailed calculations by Sahal-
Bréchot & Segre (1971):

Ystark = 10780% N, (s71) (1)

1
Here, n* = {XE:)—?;(} * and is known as the effective quantum number of the
state k (upper state). The ionization energy of hydrogen is given by Fy =
13.6€eV, Zog is the effective charge (e.g., 1 for Cr1, 2 for Cr11, etc.), Xion is the
ionization potential, and Xupper is the excitation potential of the upper level. If
the upper level is above the ionization potential, because it ionizes to an excited
level of the parent, n* is set to 5. The damping constant ~ysiark is related to the
half-half width (W) listed by Griem & Peach (1975) via the expression:

Yotark  2mc(2W) 1

N, 2N,

where N, = 109 c¢cm™3 for neutral atoms and N, = 107 cm ™3 for ions. In the
Kuruezs line lists, the W values from Griem & Peach (1975) are usually for
T=10,000K.

2.2. Improved Stark broadening data

The improved Stark broadening data of Dimitrijevi¢ & Chougule (2018) were
calculated using the Modified Semi-empirical (MSE) approach (Dimitrijevié¢ &
Konjevié, 1980; Dimitrijevi¢ & Krsljanin, 1986; Dimitrijevi¢ & Popovié, 2001).
The accuracy of the MSE approach is estimated to be about +50% in general
(Dimitrijevi¢ & Popovié, 2001) and it has been tested on numerous occasions
(Dimitrijevié¢, 1990). Even for emitters with very complex spectra (e.g. Xe I and
Kr1) good agreement of the MSE approach with experimental measurements
(in the range +30%) can be achieved (Popovié¢ & Dimitrijevié¢, 1996, 1998).

2.3. Stellar spectral synthesis

A hybrid non local thermodynamic equilibrium (non-LTE) approach was used
for the model calculations as presented by Nieva & Przybilla (2007) for B-
type main-sequence stars and Przybilla et al. (2006) for sdB stars. The model
stellar atmospheres were assumed to be in LTE and were computed with the
ATLAS9 code (Kurucz, 1993). Subsequently, deviations from LTE (non-LTE)
were considered in the line-formation computations with DETAIL and SURFACE
(Giddings 1981; Butler & Giddings 1985; recently extended and updated by
K. Butler). The non-LTE calculations for hydrogen and helium were based on
model atoms of Przybilla & Butler (2004) and Przybilla (2005), respectively. The



142 A. Chougule, N. Przybilla, M.S. Dimitrijevi¢ and V. Schaffenroth

line formation calculations for chromium were performed assuming LTE because
the lack of a proper non-LTE model atom, based on input data described by
Schaffenroth (2015). Both, calculations with the approximate Stark broadening
coeflicients and with the MSE tables were performed for the two test stars, with
atmospheric parameters adopted from Nieva & Przybilla (2012) and O’Toole
& Heber (2006), respectively. Effective temperature Teg, (logarithmic) surface
gravities log(g) and logarithmic chromium abundances relative to hydrogen are
summarised in Tab. 1.

Table 1. Properties of the stars under consideration.

Star log(g) Tes Cr abundance
Feige 66 583 34500k  —4.70
Tota Herculis 3.80 17,500K  —6.40

2.4. Comparison with observations

The synthetic spectra were compared to observations of Criil lines in the UV
spectral range. Data obtained with the Space Telescope Imaging Spectrograph
(STIS) installed on the Hubble Space Telescope (HST) were downloaded from
the Mikulski Archive for Space Telescopes. Both the spectra were observed em-
ploying the NUV-MAMA detector and the E230M grating, providing a resolving
power of 30,000 in the wavelength range 1605A to 3100A, at moderate signal-
to-noise ratios.

3. Results

The MSE Stark broadening tables included for stellar spectral synthesis corre-
spond to a perturber density of 1017 cm™3 and temperatures from 5000 K up to
80,000K. A comparison of 56 Cr1il synthetic spectral lines based on approxi-
mate Stark broadening data with those based on MSE broadening tables was
done in the stars Feige 66 and Iota Herculis. As the influence of Stark broaden-
ing is seen in the wings of the spectral lines, strong lines are expected to show
this effect in their line profiles. For the star Feige 66, the difference in line shapes
was quite prominent for almost all the Crill spectral lines under investigation
(see Fig. 1) because the high-density atmosphere pronounces the differences. On
the other hand, the difference in line shapes was very small in case of the star
Iota Herculis (see Fig.2) due to it’s lower-density subgiant atmosphere. Some
of the basic properties of the two stars are as summarized in Tab. 1.

In order to compare with the observation (Fig.3 and Fig.4), the theoretical
spectra were convolved with the rotational, macroturbulent, and the instru-
mental profiles. Due to low signal-to-noise ratio of the observed spectra and line
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Figure 1. Comparison of the CrI1I synthetic spectral lines corresponding to the tran-
sition 3d*(*F)4s®F - 3d®(“F)4p>G°, 2324.889A in Feige 66. The difference in the line
profiles can be seen clearly in the wings.

blends, only a few lines were found suitable for comparison with the synthetic
spectra.

4. Conclusions

We have shown that the strong Criil lines can react sensitively to the choice
of Stark broadening parameters, depending on the perturber densities. Use of
the MSE tables yields significantly broader line profiles in the case of the high-
density sdB star Feige 66, while the differences are negligible for the subgiant Iota
Herculis. The effects on the abundance determination still need to be quantified,
but can already be qualified as being significant. The situation found here is
therefore similar to the case of the star HD 133792, for which Dimitrijevié et al.
(2007) have investigated the impact of Stark broadening data for Crir lines
computed using the semiclassical perturbation approach on the analysis of a high
signal-to-noise specctrum. There, the improved data were found to be important,
in particular for the interpretation of the chromium abundance stratification.
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Figure 2. Comparison of the Cr I1I synthetic spectral lines corresponding to the tran-
sition 3d*(*F)4s°F - 3d*(*F)4p°G°, 2226.676A in Tota Herculis. The difference in the
line profiles is very small.
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Figure 3. Comparison of the Cr 111 synthetic spectral lines corresponding to the tran-
sition 3d3(*F)4s°F - 3d3(*F)4p°F°, 2117.5A with observation in Feige 66.
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Figure 4. Comparison of the Cr 111 synthetic spectral lines corresponding to the tran-
sition 3d*(*F)4s°F - 3d%(*F)4p®G°, 2226.676A with observation in Tota Herculis.

Acknowledgements. A.C. would like to thank the organizers of the 12 Serbian
Conference on Spectral Line Shapes in Astrophysics for financial support and the
University of Innsbruck for granting a doctoral scholarship from the Promotion of
Young Researchers Program. V.S. acknowledges funding by the Deutsches Zentrum fr
Luft- und Raumfahrt, grant 50 OR 1110, under which, part of the work was conducted.

References

Baranger, M., General Impact Theory of Pressure Broadening. 1958, Physical Review,
112, 855, DOI: 10.1103/PhysRev.112.855

Butler, K. & Giddings, J. R. 1985, in Newsletter of Analysis of Astronomical Spectra,
No. 9 (Univ. London)

Castelli, F., Kurucz’s WIDTH code and INPWIDTH. 2005, Memorie della Societa
Astronomica Italiana Supplementi, 8, 44

Dimitrijevi¢, M. & Chougule, A., Stark Broadening of Cr 111 Spectral Lines: DO White
Dwarfs. 2018, Atoms, 6, 15, DOI: 10.3390/atoms6020015

Dimitrijevié, M. S., Accuracy of line broadening data. 1990, in Accuracy of Element
Abundances from Stellar Atmospheres, ed. R. Wehrse, Lecture Notes in Physics 356
(Springer Verlag), 31, 44

Dimitrijevi¢, M. S. & Konjevié¢, N., Stark widths of doubly- and triply-ionized atom
lines. 1980, J. Quant. Spectrosc. Radiat. Transf., 24, 451, DOIL: 10.1016/0022-
4073(80)90014-X



146 A. Chougule, N. Przybilla, M.S. Dimitrijevi¢ and V. Schaffenroth

Dimitrijevi¢, M. S. & Kr§ljanin, V., Electron-impact shifts of ion lines: modified
semiempirical approach. 1986, Astron. Astrophys., 165, 269

Dimitrijevié, M. S. & Popovié, L. C., Modified Semiempirical Method. 2001, Journal
of Applied Spectroscopy, 68, 893

Dimitrijevi¢, M. S., Ryabchikova, T., Simié¢, Z., Popovi¢, L. C., & Dagci¢, M., The
influence of Stark broadening on CriI spectral line shapes in stellar atmospheres.
2007, Astron. Astrophys., Suppl. Ser., 469, 681, DOI: 10.1051/0004-6361:20077054

Giddings, J. R. 1981, PhD. Thesis, University of London

Griem, H. R. & Peach, G., Spectral Line Broadening by Plasmas. 1975, Physics Today,
28, 61, DOI: 10.1063/1.3068826

Griem, H. R. & Ralchenko, Y. V., Electron collisional broadening of isolated lines from
multiply-ionized atoms. 2000, J. Quant. Spectrosc. Radiat. Transf., 65, 287, DOIL:
10.1016/50022-4073(99)00074-6

Kurucz, R. 1993, CD-ROM No. 13 (Cambridge, Mass: SAO)

Nieva, M. F. & Przybilla, N.,; Hydrogen and helium line formation in OB dwarfs
and giants. A hybrid non-LTE approach. 2007, Astron. Astrophys., 467, 295, DOI:
10.1051/0004-6361:20065757

Nieva, M. F. & Przybilla, N., Present-day cosmic abundances. A comprehensive study
of nearby early B-type stars and implications for stellar and Galactic evolution and
interstellar dust models. 2012, Astron. Astrophys., 539, A143, DOI: 10.1051/0004-
6361/201118158

O’Toole, S.J. & Heber, U.; Abundance studies of sdB stars using UV echelle
HST/STIS spectroscopy. 2006, Astron. Astrophys., 452, 579, DOI: 10.1051/0004-
6361:20053948

Peytremann, E., Theoretical Effect of Various Broadening Parameters on Ultraviolet
Line Profiles. 1972, Astron. Astrophys., 17, 76

Popovié, L. C. & Dimitrijevi¢, M. S., Stark broadening of XeII lines. 1996, Astron.
Astrophys., Suppl., 116, 359

Popovié, L.C. & Dimitrijevi¢, M. S., Stark broadening parameters for KrII
lines from 5s-5p transitions. 1998, Astron. Astrophys., Suppl., 127, 295 DOI:
10.1051/aas:1998351

Przybilla, N., Non-LTE modelling of the He1 10830 A line in early-type main sequence
stars. 2005, Astron. Astrophys., 443, 293, DOI: 10.1051/0004-6361:20053412

Przybilla, N. & Butler, K., Non-LTE Line Formation for Hydrogen Revisited. 2004,
Astrophys. J., 609, 1181, DOI: 10.1086/421316

Przybilla, N., Nieva, M. F., & Edelmann, H., NLTE Analyses of sdB Stars: Progress
and Prospects. 2006, Baltic Astronomy, 15, 107

Sahal-Bréchot, S. & Segre, E. R. A., Semi-Classical Calculations of Electron and Ion
Collisional Broaden- ing of the Strongest U. V. Ionic Lines of Astrophysical Interest.
1971, Astron. Astrophys., 13, 161

Schaffenroth, V. 2015, Ph.D. Thesis, University of Erlangen-Nuremberg




<<
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGHelveticaBold
    /AGHlvCyrillicBold-ItalicA
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGarde-Book
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /Freehand521BT-RegularC
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBT-Bold
    /FuturaBT-Medium
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica75-Bold
    /HelveticaLTStd-BoldCond
    /HelveticaLTStd-Comp
    /HelveticaNeueLT-BoldExt
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PresseUnregistered
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Swiss721BT-Black
    /Swiss721BT-Bold
    /Swiss721BT-Heavy
    /Swiss721BT-Light
    /Swiss721BT-Roman
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /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 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

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

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [708.661 955.276]
>> setpagedevice


