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1. HIAF project introduction

High Intensity heavy-ion Accelerator Facility (HIAF) in China

An accelerator complex for
nuclear & atomic experiments
(mass measurement, DR)

Based on the experience of
CSR (synchrotron) and ADS
(Linac)

Focusing on the radioactive
ion beam production

7 years construction (start
from 2018/12/23)

Target
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11. HIAF project introduction

Ion beam Energy (GeV/u) Current (ppp)

Metallic elements
18O6+ 2.6 1.0 1011

78Kr19+ 1.7 7.5 1010

Nonmetallic elements
209Bi31+ 0.85 3.0 1010

238U35+ 0.8 3.0 1010

Beam Parameters

Compare with HIRFL-CSR Lanzhou:

Primary beam intensity increases by 103

Secondary beam intensity increase by 104
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11. HIAF project introduction

Current Status

2017

2019

The accelerator design work is finished and fixed
The tunnel construction will be started in February 2020
Prototypes of dipole and its power supply, RF cavity…
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11. HIAF project introduction

New Campus in 2025
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Electron cooler

Electron target

Internal target

Injection section

22. Why an electron cooler is needed

Spectrometer Ring (SRing)

SRing is a platform for nuclear & atomic experiments
Electron cooling is used to improve the quality of highly-charged, low-energy
heavy ion beam for internal target experiments
It is also used for the electron-ion recombination measurements together with the
electron target
Cooling of long-lived radioactive isotopes with stochastic cooling system

7



22. Why an electron cooler is needed

Spectrometer Ring lattice & parameters

Parameters value
Circumference 277.3 m
Magnetic rigidity 2 – 15.8 Tm
Deceleration rate 0.3 T/s
Operation circle 10 -120 s
Bending radius 9.5 m
γtr(internal target mode) 4.52
Tune 4.21 / 5.23
Chromaticity -11.41 / -9.95
βmax 116.56 / 64.72 m
βx/βy at target 5.00/2.44 m

cooler target
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22. Why an electron cooler is needed

Spectrometer Ring acceptance

Modes Transverse dp/p

Isochronous γ=1.43 30 / 30 π.mm.mrad 0.2%

Isochronous γ=1.67 30 / 30 π.mm.mrad 0.25%

Isochronous γ=1.84 30 / 30 π.mm.mrad 0.3%

Normal mode (for long-lived 
isotopes) 120 / 30 π.mm.mrad 1.1%

Internal target mode (for 
stable ions, include 
deceleration)

72 / 30 π.mm.mrad 0.8%
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22. Why an electron cooler is needed

Beam envelopes at the top energy 800 MeV/u

Injection beam 
envelopes

acceptance
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22. Why an electron cooler is needed

Beam envelopes at the experimental energy 30 MeV/u (without cooling)

deceleration 
beam envelopes

acceptance The deceleration beam
size would be larger than
the acceptance without
cooling
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22. Why an electron cooler is needed

SRing electron cooler operation scheme

Cooling at the injection energies (improve the beam quality for deceleration)
Cooling at the experimental energies (suppress heating, compensation energy loss)
Cooling at intermediate energies (for optimization of the deceleration) 12



33. Typical cooling process simulation

Stable ions: cooling of U92+ ion beam

Particle 238U92+

Ion energy 800 MeV/u 30 MeV/u

Particle number in the ring 1×109 1×109

Initial emittance H/V RMS 4.0/2.0 π.mm.mrad 6.0 π.mm.mrad

Initial momentum spread RMS 8.0×10-4 4.0×10-4

Electron energy 438.8 keV 16.4 keV

Electron current 2.0 A 0.1 A

Electron beam radius 30 mm

Effective cooling length 7.4 m (2.6% of the ring)

Longitudinal magnetic field at the cooling section 0.15 T

Magnetic field homogeneity 1×10-4

Betatron function at cooler 9.9/9.7 m (H/V)

Electron beam temperature (transverse/ longitudinal) 0.5 eV / 3.0×10-5 eV 0.1 eV / 2.0×10-5 eV

Target thickness ------ 1.0×1014 cm-2s-1 13



33. Typical cooling process simulation

size

tim
e

At the injection (top) energy (800MeV/u), electron cooling is not fast
It is planed to reduce the emittance less than 1.0 π.mm.mrad with 10 sec.
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Stable ions: cooling of U92+ ion beam @ 800 MeV/u



33. Typical cooling process simulation

dp/p

tim
e

At the injection (top) energy (800MeV/u), electron cooling is not fast
It is planed to reduce the emittance less than 1.0 π.mm.mrad with 10 sec.
A decreasing of the momentum spread would be good for the RF design
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Stable ions: cooling of U92+ ion beam @ 800 MeV/u



33. Typical cooling process simulation
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Stable ions: cooling of U92+ ion beam @ 30 MeV/u
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Cooling is fast at the low energies
Suppress the heating and compensate the energy loss



33. Typical cooling process simulation
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Stable ions: cooling of U92+ ion beam @ 30 MeV/u
Cooling is fast at the low energies
Suppress the heating and compensate the energy loss

Beam distribution after 2 seconds with & without electron cooling



22. Why an electron cooler is needed
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Isotopes: cooling of Sn50+ ion beam

Particle 132Sn50+

Ion energy 740 MeV/u

Particle number in the ring 1×105

Initial emittance H/V RMS 1.25/1.25 π.mm.mrad

Initial momentum spread RMS 6.0×10-5

Electron energy 405.9 keV

Electron current 2.0 A

Electron beam radius 30 mm

Effective cooling length 7.4 m (2.6% of the ring)

Longitudinal magnetic field at the cooling section 0.15 T

Magnetic field homogeneity 1×10-4

Betatron function at cooler 9.9/9.7 m (H/V)

Electron beam temperature (transverse/ longitudinal) 0.5 eV / 3.0×10-5 eV
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2. Why an electron cooler is needed

Isotopes: cooling of Sn50+ ion beam
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With the help of stochastic cooling system, a small initial beam emittance and
momentum spread is obtained. It is good for electron cooling
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2. Why an electron cooler is needed

Isotopes: cooling of Sn50+ ion beam
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With the help of stochastic cooling system, a small initial beam emittance and
momentum spread is obtained. It is good for electron cooling
Final emittance is less than 0.1 π.mm.mrad, momentum spread is less than 10-5



44. Cooler design and status

A classical DC magnetized electron beam cooling device
Based on the present 300 keV coolers designed by BINP at CSR 
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4. Cooler design and status

Maximum electron energy 450 keV

Total length of the straight section 16.0m

Total length of the cooler 11.2 m

Height of the cooler 5.0 m

Effective cooling length 7.4 m 2.6% of circumference

Cathode radius 15 mm

Cathode temperature 0.1 eV

High voltage ripple(pp max. @ 450 kV) 5.0 10-5(???)

Magnetic field homogeneity 1.0 10-4

Maximum electron current 2.0 A

Vacuum condition <2.0 10-11 mbar

SRing cooler technical parameters



44. Cooler design and status

Thermionic electron gun

An ion pump will be installed on the top of the gun
A Ni sponge oxide cathode was developed
the emission current density >0.5 A/cm2 @ 700oC

Electron gunCathode 

Emission current 
measured on a testing 
gun
(cathode radius=3 mm)
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44. Cooler design and status

Gun and acceleration tube

Gun and acceleration tube are installed in a same
solenoid with the maximum magnetic field of 4.0 kGs
Acceleration electrical gradient is less than 10 kV/cm
The strong magnetic field is used to reduce the
electron temperature out of the acceleration tube
The electron temperature after acceleration (450 keV)
is 0.1 eV
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44. Cooler design and status

Gun and acceleration tube
The maximum electron beam current is 2.0 A
The magnetic field in the gun section could be optimized at different energies

0.1 eV
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44. Cooler design and status

Gun and acceleration tube
The maximum magnetic field in the collector is 2.0 kGs
The collector efficiency is around 1.5×10-3
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44. Cooler design and status

Guiding magnetic field
The guiding magnetic field is built by many pancake coils
The field calculation was made by OPERA
The magnetic field homogeneity is <10-4
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44. Cooler design and status

Guiding magnetic field
Transverse magnetic field components in toroids causes a severe horizontal
ion beam deflection, local orbit correction is necessary
Horizontal magnetic field direction

By
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44. Cooler design and status
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Adiabatic expansion
A solenoid located between gun and toroid is used for transverse adiabatic
expansion
An adiabatic parameter is less than 0.15 for the energy of 450 keV
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44. Cooler design and status

Connection of cooling solenoid
A mechanical design of the cooling section
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44. Cooler design and status

Connection of cooling solenoid
A 0.5 m connection section is used
It is also good for the vacuum system
A magnetic field distortion
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44. Cooler design and status

32

Testbench for the gun and collector
A testbench is built for the gun, collector and diagnostics tests
Prototypes of the gun and the collector were already finished
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4. Conclusion and outlook

A 450 keV magnetized electron cooling device is necessary for the HIAF project,
the technical parameters were listed according to the simulation results
The present CSR 300 keV cooler designed by BINP provide us a very good
platform
The electron gun, collector and acceleration tube could be provided by some
domestic institutes and companies
The high voltage system is still a problem for us



TThanks for your attention!

Thanks to Dr. Parkhomchuk, Dr. Reva, Mr. Skorobogatov and BINP group for the continuously
support on the CSRm cooler devices
Thanks to Dr. Katayama for the fruitful discussion on the SRing electron cooling simulation.

34



<<
  /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.)
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice


