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Charge exchange injection - who cares?

» Charge exchange injection (CEl) is the only way to
achieve low loss multi-turn injection into a
synchrotron or storage ring

— Best loss achieved without CEl = ~10%
— Best loss achieved with CEl = ~0.02%

» CEl is the only way to stack many turns without
linear growth in emittance

*
— €1o7aL < N ™ €\yECTED

* Only practical way today is to use stripper foils, but
these become complicated for high beam powers...

* This talk will focus on H™ charge exchange injection
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First charge exchange injection by

BINP / Novosibirsk in 1966

H, gas jet
LV

/ CO, gas jet
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HO H-

1- First stripper

2 - Main stripper pulsed
supersonic jet

3 - Gas pumping

4 - Pickup integral

5 - Accelerating drift tube|

6 - Gas luminescent profile
monitor

7 - Residual gas current monitor
8 - Residual gas IPM

9 -BPM

10 - Current monitor

11-FC

12 - Deflector for suppression
transverse instability by negative
feedback.

Small Radius- High beam density. Revolution 5.3 MHz. 1MeV, 0.5 mA, 1 ms.

*EXPERIMENTS ON PRODUCING INTENSIVE BEAMS BY MEANS OF THE METHOD OF CHARGE-EXCHANGE INJECTION

PROTON, G. |. Budker, G. I. Dimov, and V. G. Dudnikov, Sov. Atomic Energy, 1966.

Courtesy V. Dudnikov
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First use of stripper foil for CEIl at
Argonne, 1972

Stripper foil mechanism located just downstream of C magnet

50 MeV H~ beam from linac
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Stripper foil assembly used at Argonne
test booster for ZGS

Polyparaxylene foil, 35 um thick, ~36 x 100 mm?

~ - RELEASED FOIL

- * Rotating disk, ~0.9 m
N - FOILS TO BE dia.,1800 rpm, synchronized
HOT \t Arang <\ RELEARES with 30 Hz booster cycle
WES % T e « Foil is only in path of beam
\, \ \ during injection
\ \ - .
\ \  Expected foil lifetime 2
\, pYe hours
" "~ SECONDARY
CONTACTS
TRANSFORMER
SECONDARY
MOUNTED ON
DISC HUB
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Brief history of H™ injected beam power

BINP [1966]

Argonne ZGS Booster | [1972]
Argon ZGS [1976]

FNAL booster [1978]

Argonne IPNS [1981]

BNL AGS [1982]

ISIS [1984]

LANSCE [1984] 80 kW

KEK Booster [1987]

DESY 3 [1990]

BNL Booster [1991]

FNAL Booster upgrade [2006]
SNS [2006] ————— .5 |V
J-PARC RCS [2007] 133 kW

CSNS [2017]

CERN PSB (after upgrade) [2018]

0,0 0,1 10,0 1000,0
Injected beam power [kW] , logarithmic axis
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H~ injected beam power
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Complications of CEIl at high power

» Beam loss caused by foil scattering
» Stripper foil lifetime

» Control and disposal of un-stripped and partially
stripped beam

- Beam loss caused by H? excited states
» Stripped (convoy) electrons must be controlled too
« Damage caused by reflected convoy electrons

AAAAAAAAAA
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Beam loss caused by H? excited states

H- H-

foil /

s > HO Outside ring
/ \ S aperture,
S / causes
/ LE=yB N HY/ p beam loss
E-Field due to

P relativistic transformation

P

* First discovered ~1993 by R. Hutson and R. Macek at the Los
Alamos Proton Storage Ring

— Causes 15 - 20% of the total beam loss today at PSR
(i.e. causes 23 — 40 W beam loss)

* If SNS design did not account for H* beam loss, it would have
caused up to ~2,850 W of beam loss

« J-PARC RCS has only <8 W of H%*, not enough to require special
treatment
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HO? excited states lifetime vs E-field

Lifetime [s]

n=7f n=6 n=5 n=4 n=3
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(181 MeV inj) PSR
00 \\\\\ J-PARC RCS (800 MeVinj)
(400 MeV inj) + | Time for
\ ___________________________ 1| particle to
1| travel 1 m
107°
E=yBcB
10710 TT T
Lower for lower
\ beam energy
10-1"1 LW 1 _
0.0000 0.0002 0.0004 0.0006 0.0008 0.0010 0.0012

Electric field [atomic units]
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H? excited states - SNS solution

« Concern over HO excited state beam loss drove SNS
design team to place the stripper field inside a strong
magnetic field

 B-field immediately

strips the n =5 -,H st e
Vacuum chamber wall

HO* states Spin .
et o S,

¢ AISO d|reCtS Injecting H beam f—)

convoy electrons % Stripped

to an electron .

catcher £k :D S

[?[cc."‘m}] D cleclrode

. At SNS, HO | u!llukrl

excited state beam
loss Is too low to
accurately measure

Water cooled
copper plate

Figure courtesy L. Wang
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H? excited states for SNS

n=7 n=6 n=5 n=4 n=3
0.3% 0.5% 0.9% 1.7% 3.7%
— . _—

1077 ¢

SNS up to 2.6%
of HO beam lost if
foil was not in a
0.25 T field, but
near zero with
folina0.25T
field

Lifetime [s]
3
<=3

10—11 /

0.0000 T 0.0002 0.0004 '0.0006 0.0008

Electric field [atomic units]

0.0010

Stripped within a few mm because foil is inside a magnet

10.0012
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Control of convoy electrons

« At SNS design power, the convoy electrons carry
1.6 kW of power. This
amount of power must
be properly controlled.

zh= .
’ Top view
__ . T
T T - b
Un-controlled convoy electron
Lf' - burn spot at PSR, due to ~85 W
J-PARC intercepts convoy electrons of electron power.
(~145 W) after V4 turn in chicane magnet (Courtesy R. Macek)
fringe field. (Courtesy P. Saha)
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Reflected convoy electrons at SNS

Y (m)
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Photo by Chris Luck
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bracket arm

bracket _
|eg foil
Electron
caught at
catcher! —
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Simulations by S. Cousineau

Reflected électron ‘hits
.bracket arm

Z (m)

The convoy electrons are ideally
trapped by this electron catcher
mounted in the bottom of the
vacuum chamber

But, location of catcher is not ideal
due to component fabrication error
and changes to foil mount position
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From HB2010

NEW
STRIPPER
FOILS

USED
STRIPPER
FOILS

Foils began to fail after increasing beam power to ~840 kW

Solution: Change bracket material from aluminum to titanium, and move
stripper foil 1 cm further out along bracket arm
OAK RIDGE | $3:tarion
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SNS stripper foils 2009 - present

Typical foil in use since 2009
Nanocrystalline diamond 0.350 mg/cm?
Titanium bracket

Worked very well until 2014, at beam
powers less than 1.2 MW

Photos by Chris Luck

Stripper foil removed July 2014,
used at beam powers up to 1.4 MW

Threshold for damage is ~1.2 MW
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Mitigation for convoy electron damage

#1872, 3 months at 1.1 to 1.4 MW #2199, TZM bracket,
(~20 days at 1.3 — 1.4 MW) ~16 days at 1.3 - 1.4 MW

« New TZM bracket tested Nov. — Dec. 2015

« Advantages: high sublimation temperature, low
sputtering yield, high sputtering threshold

- Disadvantages: Heavy, long-lived radio-activation

TZM
bracket
shows
almost zero
damage
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SNS Electron Collector damage

* Electron collector is becoming eroded away due to impact of
convoy electrons

» Convoy electrons should strike undercut face of wedge, but
due to misalignment they instead strike the top of the wedge.

* Electrons are more likely to reflect when they strike the top of
the wedge

» Redesign is now in progress

7/28/15
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Electron Catcher on 7/28/15
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Electron Catcher on 1/15/16
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Second target station upgrade

* At SNS we plan to increase the beam power to
2.8 MW @ 1.3 GeV (today SNS is capable of
1.4 MW at 957 MeV)

— Convoy electron power will double

— Stripper foils must be thicker to achieve the same
stripping efficiency at a higher beam energy

— Chicane B-fields must be lower for H%* states
— Foil temperature will increase by ~300 K

S New beam line
N e— Second target station
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Stripper foil lifetime

* Biggest risk to stripper foil lifetime is sublimation

* A small temperature increase makes a big change
in foil lifetime

Sublimation rate for carbon Sublimation rate
LR T = = . increases by factor of
tooecz (45— 15 / 10,000 for 300 K
T o0es0n |~ “ § ’ temperature increase.
{g L00Es00 || ® o
e e s Note: Big error bars on
£ | . / » predicted foil
g : ./ 188§ E temperatures! Lots of
g /8 5 assumptions.
% 1.00€-04 E /- E E % % g_
3 100605 | / 5 z §§ Measuremgnt of
1.00E-06 i/‘ ' ié’\; % tabSO|UtethI| L
; < £ | emperature is in
1'OOE-O-IISJgi 1700 1900 2100 2300 2500 2700 2900 progpress
Temperature [deg. K]
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Summary

» Charge exchange injection at high power has
challenges with beam loss, stripper foil survival, and
convoy electron damage

* Today’s machines have addressed these issues,
but complications continue to arise as beam powers
are increased

* The Second Target Station project at SNS will
provide further interesting challenges
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Thank you for your
attention!

OAK RIDGE | gitation

National Laboratory | SOURCE




<<
  /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 true
  /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
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /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.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice


