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Abstract

We are developing a four mirror Laser Wire beam profile monitor at KEK-ATF to measure a low-emittance electron
beam in the damping ring. At present, CW Laser Wire has been used to measure the small emittance beam. If we
replace it to pulsed laser wire, more efficient laser-beam collision can be realized. Four mirror resonator reduces the
sensitivity to the misalignment of mirrors comparing to two mirror resonator. The aim of this project is to make a
compact and stable pulsed laser wire system which achieves beam size less than ¢ =5y m in tangential plane. We report
the development and performance studies of such type of compact four mirror laser wire system in this paper.

1. Introduction Beam waist is calculated by solving the one round trip

Laser-Compton scattering has become an important 12y transfer matrix for beam inside resonator. The

technique for beam diagnostics of the latest accelerators, ~ Resonator model can be visualized with equivalent lens
Laser wire is one of such a technique to measure a small diagram, where concave mirror functions as a convex lens

and plane mirror acts as identity matrix as shown in
Figure 1(b). The round trip ray transfer matrix for a planar
four mirror resonator is given by

beam size. Using a pulsed compact laser wire, we can
measure Sy m electron beam in vertical direction. If we
keep the distance ratio of concave-concave and plane-
plane mirrors constant, the compact four mirror cavity Concave Mior
with thin waist size can be made. )
Four mirror resonator consists of two plane mirrors and
two concave mirrors. The Boundary condition is  Waist l
introduced by forming a rectangular structure in which
two concave mirrors and two plane mirrors are facing
each other as shown in Figure 1(a). The round-trip time of
the cavity has to match with the pulse repetition of the
laser source. Hence, precise control of the absolute cavity

length is important. In this case, the curvature of the L o dl ‘\dl / &

cavity mirrors is the only parameter to control waist size.
In order to realize a small spot size, mirrors of specially
designed curvature are needed [1] . Plane Mitror

blane blane Figure 1(b): Lens equivalent diagram
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Figure 1(a): Four mirror resonator model

pr=p cos(3) 2.
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Distance between the mirrors and curvature of the mirrors
are the parameters to design the waist size (wo) of laser.

The minimum beam waist is given by

_ 2 1/2 (lBDl/Z
w = (E) [1-[(D+A4)/2]2]1/4 3)-

In order to realize the small waist size, the cavity has to

be designed close to the unstable configuration .i.e.
4—-(D+A4)?>0,

Or —2<(D+4)<?2

Note that the rms size (o) of the photon distribution is

related to wy as 20 = wy.

2. Selection of Resonator design Values

2.1 Fixing curvature of mirror

The Figure 2.1 (a) below shows beam size variation
with radius of curvature of concave mirror.The horizontal
axis indicates radius of curvature of concave mirror in
mm. The vertical axis shows beam size in mm.The beam
size on tangential plane is shown with blue line and beam
size on sagittal plane is shown with red line. There are
two regions of obtaining beam size. The region which
shows very large beam size at higher values of radius of
curvature is neglected [2].
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Figure 2.1(a): Variation of beam size with curvature of
concave mirror

Figure 2.1(b) is magnification of Figure 2.1(a) for beam
size on tangential plane. It shows the squeezed beam
waist on tangential plane at radius of curvature>105mm.
The minimum beam size obtained is 44.2 um at 105.4
mm.
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Figure 2.1(b): Magnified beam waist in tangential plane

2.2 Beam Evolution inside resonator

The Figure 2.2 shows the relationship between
longitudinal distance and beam size variation inside the
four mirror resonator. The horizontal axis shows
longitudinal distance in mm inside four mirror
resonator.The vertical axis shows beam size in mm.The
beam size is squeezed in between concave mirrors. The
beam size is expanded at the surface of concave mirrors
and beam evolution is almost flat and parallel while
passing through plane mirrors. Beam sizes at the surface
of concave mirrors and plane mirrors are greater than
400um, but chances of any diffraction around the edges
of mirror is not possible as mirrors of diameter linch are
used. Minimum beam size in tangential plane is
calculated as 44.2um and in sagittal plane is calculated as
50.2um.
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Figure 2.2: Beam evolution of compact resonator

3. Experimental setup

3.1 Optical components of system

The experimental setup is shown in Figure 3.1. Pulsed
Laser output from laser oscillator passes through half
wave plate which retards one polarization by half a
wavelength or 180 degrees. This type of wave plate
changes the polarization direction of linear polarized light.
Optical isolator protects the laser oscillator from any back
reflection from the mirrors. The laser beam passes
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through the lens system which consists of a pair of
concave and convex lens. Thus, it reduces the spread of
laser beam and also provides the parallel beam .A parallel
beam must be obtained for injection into one of the plane
mirror of four mirror resonator. A piezo actuator is
attached to concave mirror for length scanning.
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Figure 3.1: Resonator setup

The distance between adjacent concave mirror and
plane mirror is reduced by using aluminum spacers. These
spacers provide the facility to keep all the mirrors and 45
degree angle, thus reducing the gap between plane and
concave mirror to much extent. Such type of structure is
shown in Figure 3.2

The Mode locked laser oscillator used for the
experimental setup shown in Figure 3.3 has repetition rate
of 714 MHz. The wavelength of IR laser diode is 1064
nm. The Parameters of such oscillator is shown in Tablel.

Table 1: Mode Locked Laser Oscillator Parameters

Parameter Value
Operating Current 228A
Output Power 559 mW
Wavelength 1064 nm (IR Laser )
Repetition rate (f,) 714.084 MHz

Figure 3.3: Mode Locked Laser and system setup.

The repetition rate of mode locked laser must match to
total path length inside resonator. The total path length of
109 mm resonator in our setup is 420 mm. Table 2 shows
the values of resonator parameter used in our present
setup. The distance between adjacent plane and concave
mirror is 32 mm as shown in Figure 3.2.

Table 2: Test Compact Resonator Parameters

Length (L) 109 mm

d 32 mm
Aspect Ratio(a /2) 0.1464 rad
Radius of 105.416 mm
Curvature

Beam size(20) (44.2, 50.2) um

Finesse 240

wavelength 1064 nm (IR Laser)

4. Measurement of Finesse and Gouy Phase of
Resonator

4.1 Finesse

Another important role of the cavity is to enhance the
effective laser power. Laser beam from a laser oscillator
is injected to the cavity through one of the plane mirrors.
The laser wave inside the cavity reflects back and forth
and builds up the effective power. The power
enhancement realizes only when the cavity satisfies the
resonance condition of a standing wave. Sharpness of the
resonance width is represented by the cavity finesse (F), it
is defined from the reflectance of the four cavity mirrors
as

F = ).

Where R is reflectivity of each mirror. In our compact
resonator design reflectivity (R1) of plane mirrors is 99%
and reflectivity (R2) of concave mirrors is 99.7 %. So
total Finesse of compact resonator is calculated by
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replacing R by VR1R2 in equation (4) total finesse of
compact resonator is given by [2]
VR1.R2
F=m——— (5).
1-R1.R2
Calculated Finesse= 240.6
Finesse is measured experimentally by finding the ratio
of Free Spectral range (FSR) to full width half maximum
bandwidth of Airy function. FSR is distance between

peaks of two consecutive 0" mode as shown in Figure 4.1.
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Figure 4.1: FSR and Gouy Phase observation
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4.2 Gouy Phase and Evaluated Beam waist

Along its propagation direction, a Gaussian beam
acquires a phase shift which differs from that of a plane
wave with same optical frequency. This difference is
called Gouy phase shift. Overall Gouy phase shift of
Gaussian beam going through a focus is 7.
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Figure 4.2: Gouy phase variation with mirror shift

The FSR of transmitted light corresponds to total phase
shift of 2m. FSR is the time interval between consecutive
0" order mode. The 1% order mode has two peaks which
gives 1 Gouy phase and 2™ Gouy phase as shown in
Figure 4.1. Gouy phase can be helpful in determining
beam size of resonator. If the mirrors of resonator are

shifted by distance § mm, such that distance between
concave-concave mirrors increased by & and distance
between plane-plane mirrors are reduced by §. Then
Gouy phase corresponding to 6=0 value gives minimum
beam size of four mirror resonator in sagittal and
tangential plane [2] Gouy phase in sagittal and tangential
plane as a function of mirror shift § is shown in Figure
4.2. The horizontal axis shows mirror shift § in mm and
vertical axis shows Gouy phase 1 and Gouy phase 2 in
radians. By Observing Gouy phase values we obtained
minimum beam sizes in tangential plane and sagittal
plane are 44.2¥1.1 gm and 50.2%3 um.

5. Scheme for obtaining Sum beam size

In four mirror resonator, angle a as shown in Figure
1(a) is defined as angle between line joining the center of
concave mirrors to diagonally opposite plane mirror.

a=tan™! % (6).

Angle a/2 points the position vector of concave mirror
to mid-point of diagonally opposite plane and concave
mirror. Keeping value of Aspect ratio a/2 fixed to
theoretical design values, we can obtain minimum beam
waist less than Sum for such a compact four mirror
resonator. In order to obtain beam size less than Sum,
green laser oscillator of wavelength 532nm to be used. If
we reduce the distance between adjacent plane mirror and
concave mirror to 26.54 mm and by selecting suitable
mirror curvature of 104.2 mm, we can reduce the beam
size in tangential plane. Table 3 shows the parameter
values need to be designed to achieve minimum beam
size of Sum in one of the plane.

Table 3: Ideal parameters for achieving 5 4 m beam size

Length(L) 105 mm

d 26.54 mm

Aspect Ratio(a /2) 0.12378 rad (Fixed)
Radius of 104.2 mm
Curvature

Beam size(20) (9.94,272) um

Wavelength 532 nm (Green Laser)

6. Summary

Experimental results show that a compact four mirror
pulsed laser wire system can be made with Sy m desired
beam size. Using green laser oscillator (1=532nm), If we
can select proper combination of length L and distance d
then beam size can be reduced in one of the plane. Our
purpose is to design a compact pulsed laser wire system
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with minimum beam size. To make pulsed laser wire
system with minimum beam size, design of pulsed green
laser oscillator (A=532nm) is necessary. The mirror
holders used in our present setup are not designed for the
component in vacuum, so special mirror holder designed
for the component in vacuum is necessary for ATF Laser
wire system.

References

[1] Y.Honda et al, ”Upgraded laser wire beam profile monitor”,
Nucl.Instr.Meth. A. 538 100-115 (2005)

[2] S.Nagata, Master thesis submitted to Hiroshima University,
(2010), in Japanese

- 643 -




<<
  /ASCII85EncodePages true
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ABSALOM
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /ALIBI
    /AllegroBT-Regular
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /BankGothicBT-Medium
    /BaskOldFace
    /Batang
    /BATAVIA
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BlackadderITC-Regular
    /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
    /BremenBT-Bold
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /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
    /CASMIRA
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CharlesworthBold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DauphinPlain
    /EdwardianScriptITC
    /ELEGANCE
    /Elephant-Italic
    /Elephant-Regular
    /ELLIS
    /English111VivaceBT-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EXCESS
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GENUINE
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HELTERSKELTER
    /HERMAN
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /ISABELLE
    /JOAN
    /Jokerman-Regular
    /JuiceITC-Regular
    /JUSTICE
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /Lithograph-Bold
    /LithographLight
    /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
    /MANDELA
    /Mangal-Regular
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MATTEROFFACT
    /MaturaMTScriptCapitals
    /MICRODOT
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MSOutlook
    /MS-PGothic
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /NATURALBORN
    /NEOLITH
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OPENCLASSIC
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /PosterBodoniBT-Roman
    /PRETEXT
    /Pristina-Regular
    /PUPPYLIKE
    /Raavi
    /RADAGUND
    /RageItalic
    /Ravie
    /REALVIRTUE
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /SHELMAN
    /ShowcardGothic-Reg
    /Shruti
    /SimSun
    /SnapITC-Regular
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /Stencil
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TRENDY
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /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 0.76
    /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 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 0.76
    /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 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 (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
    /JPN ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice




