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Outline
• SPES Layout
• The SPES cyclotron
• The target
• The high resolution stage: RFQ Cooler and the HRMS
• The periodic transfer line.
• The post acceleration stage: charge breeder and the MRMS
• The MEBT matching line
• ALPI performances
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• The SPES facility may be divided in three stages: 
the RIB production, the magnetic isotope 
separation and the charge breeding with the post-
accelartion.

• Low current beams (nA-fA) and transfer line with 
high dispersion require a careful manage of the 
beam optics. 

• Several localised separation stages are needed for 
separate the nominal beam from the isotopes and 
fit the safety requirements.

• Very long transfer lines are needed in order to fit 
the new building with the existing linac ALPI. 

• The cyclotron accelerates  70 MeV proton beam of 750 μA onto a UCx target, heated at 
2000 C°. The radioactive ions produced are extracted @ 20-40 keV, depending on the RFQ’s 
βୱ of the n+ beams.

• There are three separation stages: the LRMS, composed by a Wien filter and a 90° magnetic 
dipole 1/200 resolution in mass (isobar selection); the HRMS, with a capability of 1/20000 
resolution (isotope separation) in mass and the MRMS of 1/1000, which removes the CB 
contaminants. 

• The beam gains 1+ -> n+ charge and, after the removal of the CB contaminants is sent to an 
internal bunching RFQ, which accelerates the beam up to 727.3 keV/A (for A/q=7).

• The beam is longitudinally matched with the linac via a MEBT line (with two bunchers). The 
ALPI linac accelerates the beam up to 10 MeV/A .

• There are two experimental areas: the 1+ experimental areas down to the HRMS complex 
and the experimental areas down to ALPI for the post accelerated beams. 

General features Main stages 

The SPES Layout
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dipole 1/200 resolution in mass (isobar selection); the HRMS, with a capability of 1/20000 
resolution (isotope separation) in mass and the MRMS of 1/1000, which removes the CB 
contaminants. 

• The beam gains 1+ -> n+ charge and, after the removal of the CB contaminants is sent to an 
internal bunching RFQ, which accelerates the beam up to 727.3 keV/A (for A/q=7).

• The beam is longitudinally matched with the linac via a MEBT line (with two bunchers). The 
ALPI linac accelerates the beam up to 10 MeV/A .
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and the experimental areas down to ALPI for the post accelerated beams. 
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• The SPES facility may be divided in three stages: 
the RIB production, the magnetic isotope 
separation and the charge breeding with the post-
accelartion.

• Low current beams (nA-fA) and transfer line with 
high dispersion require a careful manage of the 
beam optics. 

• Several localised separation stages are needed for 
separate the nominal beam from the isotopes and 
fit the safety requirements.

• Very long transfer lines are needed in order to fit 
the new building with the existing linac ALPI. 

• The cyclotron accelerates  70 MeV proton beam of 750 μA onto a UCx target, heated at 
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• There are three separation stages: the LRMS, composed by a Wien filter and a 90° magnetic 
dipole 1/200 resolution in mass (isobar selection); the HRMS, with a capability of 1/20000 
resolution (isotope separation) in mass and the MRMS of 1/1000, which removes the CB 
contaminants. 

• The beam gains 1+ -> n+ charge and, after the removal of the CB contaminants is sent to an 
internal bunching RFQ, which accelerates the beam up to 727.3 keV/A (for A/q=7).

• The beam is longitudinally matched with the linac via a MEBT line (with two bunchers). The 
ALPI linac accelerates the beam up to 10 MeV/A .

• There are two experimental areas: the 1+ experimental areas down to the HRMS complex 
and the experimental areas down to ALPI for the post accelerated beams. 
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• Several localised separation stages are needed for 
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• There are three separation stages: the LRMS, composed by a Wien filter and a 90° magnetic 
dipole 1/200 resolution in mass (isobar selection); the HRMS, with a capability of 1/20000 
resolution (isotope separation) in mass and the MRMS of 1/1000, which removes the CB 
contaminants. 

• The beam gains 1+ -> n+ charge and, after the removal of the CB contaminants is sent to an 
internal bunching RFQ, which accelerates the beam up to 727.3 keV/A (for A/q=7).
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ALPI linac accelerates the beam up to 10 MeV/A .
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The SPES Cyclotron

BEST Cyclotron main characteristics:
• 35-70 MeV, 750 A of DC proton beam
• 40 keV Hି source (placed at the bottom of the magnet) 15-20 mA DC beam (neutralisation is achieved via a 

vacuum level of 10ି଺ mbar). The injection is by mean of a axial transfer line upwards to the spiral inflector which 
bends the beam 90° into the central region. 

• Four straight sector machine (B୫ୟ୶ of 1.6 T). Two independent extraction channels (2 stripping multi-foil 
carousels) which provides simultaneous two beams extractions.  

• RF: two 4୲୦ harmonics independent cavities @ 57-58 MHz.

The cyclotron and the transfer lines are installed. The
commissioning is going to start.



The SPES ISOL target

Main characteristics of the SPES target :
• Up to 1013 f/s. Overall estimated current 

extracted up to 1 μA (plasma ion source) of 
neutron rich isotopes.

• Heated up to 2000°, diffusion of radioactive 
gas generated by induced fission between the 
UCx and the proton beam. 

• Three kind of sources: surface ion source, 
laser ion source and the plasma ion source. 
Can be used in order to pre-discriminate the 
nucleus of interest. 

• Offline test on the SIS shows a normalised rms
emittance of 0.005 mm mrad.

SPES direct target-ion source
30g UCx

ISOLDE-type target/source

NEW  CONCEPT  
direct target

Multi-foil UCx
designed to 

reach  1013 f/s

Proton beam

PIS

example of Sn	ଵଷଶ production.

Many isobars. 

For more 
information, see 
the next talk (A. 
Andrighetto)
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The High Resolution Section

• The beam is prepared by the beam cooler:

• Crucial for the separation and injection to the CB (low 
emittance and energy spread). 

• 10 times lower emittance and +-1eV energy spread. 
Losses limited to 30%.

<1 eV for input I< 50 nA



The High Resolution Section
• The HRMS is composed by 2 90° (overall 

180°) dipoles of R=1.5 m. There are 3 electric 
quadrupoles at the entrance and at the exit, 
with an external hexapoles. Between the two 
dipoles a multipole (12° order) ensures the 
correction of curvature aberrations. 

• The HRMS is placed onto a HV platform (@-
220 kv) because of the effect on the relative 
energy spread term  ∆E/E which reduces the 
resolution. This system is also used for the 
MRMS.

• The optimisation and engineering design is 
still ongoing. 

• A  preliminary error study was done. 

quad
quad
exa

multipole

quad

obj.
point

image
point

2 beam separated by 1/20000 
in mass with 1+, with errors

Error Value

misalignment +-0.025 mm

tilt +-0.005°

field error +-0.0025%

3 beams of 
1/20000 
separated in 
mass with േ1 
eV energy 
spread @image 
point.



The High Resolution Section

• Three 1+ experimental halls. Electrostatic deflectors 
under study. 

• The beam cooler performances are crucial for: the 
beam separation and the charge breeding process

• Tape system foreseen after the LRMS in order to first 
characterise the target beam.

• Electrostatic deflectors under study: mass 
independent, but little aperture.



The periodic transfer line to CB
• The periodic transfer line is 

composed by electrostatic 
triplets. 

• The phase advance of the 
periodic line can be tuned from 
75˚൑ ଴ߪ ൑ 85˚ (drive by 
dispersion). 

• Phase advance influences the 
maximum modulus of ܦ௫ along 
the  periodic line

• Triplet after the image point on 
HV HRMS platform help to 
control dispersion at HRMS exit.

• The part of the CB injection is 
modelled in order to take into 
account more realistics
conditions for the BD studies.

Tunable periodic line:

HRMS

75˚൑ ଴ߪ ൑ 85˚

଴ߪ ൌ 75°

଴ߪ ൌ 85°

COMSOL track 
routine 
(benchmarking)

Charge Breeder

solenoid

Einzel
Plasma+ CB

CB 
solenoid



The CB

• 2௡ௗ generation ECR source
• 3 coils for axial magnetic field (1.2 T at the injection, 0.42 T minimum and 0.82 T at extraction). 14.5 GHz microwave with a

maximum power of 600 W
• Three electrode extraction system: from 40 kV to 20 kV depending on the a/q ratio. 
• ࢔,࢙࢓࢘ࢿ ൌ ૙. ૙૝ૡ૟	࢓࢓	ࢊࢇ࢘࢓ measured during the test bench @LPSC in March 2015 [1]

Mass Range ION Q Efficiency [%] Year Data Source (M/q)_min (M/q)_max
138 Xe 20+ (21+) 10,9 (6,2) 2012 (2005) 6.57 6.90

130 132 134 Sn 21+ 6 2005 6.19 6.38
98 Sr 14+ 3.5 2005 7 7
94 Kr 16+(18+) 12(8,5) 2013 5.22 5.88

90 ……….. 99 Y 14+ 3.3 2002 6.43 7.07
74 ……….. 80 Zn 10+ 2.8 2002 7.40 8.00

81 82 Ga 11+ 2 2002 7.36 7.45
90 91 92 Rb 17+ 7.50 2013 5.29 5.41

34 Ar 8+(9+) 16,2(11,5) 2012 (2013) 3.78 4.25

[1] The SPES-Charge Breeder (SPES CB) and its beam line INFN-LNL, Alessio Galatà et Al. EMIS15 under publication

Kobra 3D simulations 
benchmarked by the test 
bench within 10%. [1]



The CB-RFQ line

• The CB to RFQ line is composed by the Medium Resolution Mass Separator of 1/1000 in A/q which cleans the contaminants coming from 
the CB, and a matching line for the RFQ. 

• The 1+ pilot beam line is composed by a low resolution mass separator 1/150. 

• The MRMS is placed onto a HV platform like the HRMS in order to decrease the geometric emittance and to decrease the term ∆ா
ா
	 which 

would decrease the resolution. 
• The line is design for a beam of ߝ௥௠௦,௡	of 0.1 mm mrad which is twice the measured emittance from the CB test bench. The assumed 

energy spread is േ15	eV. 
• The RFQ is a CW RFQ with internal bunching at 80 MHz specifically designed for a low longitudinal emittance. A 5 MHz buncher is forseen

for the experiments which will require pulsed beam



The MRMS

• The optics is composed by 4 electrostatic quadrupoles, 2 
dipoles and a 12° order multipole. 

• Dipole characteristics: 0.750 m bending radius, 90° bending 
angle. External edge curvature: 2.6 m. Edge angles  β=33.35°. 
Horizontal aperture 0.4 m. Vertical aperture 0.08 m.

• Both the four quadrupoles are x defocusing. 
• BD Benchmarking with COSYINFINITY.
• Required Platform stability of the order of 0.01% in voltage. 



The four-vane SPES RFQ
Parameter (units) Design Value
Operational mode CW
Frequency (MHz) 80.00
Injection Energy (keV/u) 5.7 (β=0.0035)

Output Energy (keV/u) 727 (β=0.0395)

RF power dissipation (kW) 100



SPES RFQ and PIAVE

• The PIAVE accelerator is a superconductive 
injector  (up to 8 MeV) composed by two 
superconductive RFQ  in Nb, decoupled 
functions, and 8 QWR cavities.

• The cryo-cooling of the superconductive 
RFQ is key parameter for the stability.

• Transmission of 70% by External 3H 
buncher.

Parameter SPES RFQ PIAVE SRFQ

Input energy 5.7 keV/u 37.1 keV/u

Output Energy [keV/u] 727 (β=0.0395) 587 (β=0.0355)

Mass to charge ratio 3-7 2-8.5

Input Tr. Norm. RMS emittance [mmmrad] 0.071 0.1

Output RMS Long. emittance [degkeV/u] 4.5 4.8

Output 90% Long. emittance [degkeV/u] 29.3 26

Transmission [%] 75 95

QWR 0.047 TTF 0.85 0.95

QWR 0047 DY’ [mrad] -0.48 -0.32



ALPI accelerator

RIB energy as a function of mass
• Independent cavity LINAC
• New quads with higher gradient 

(20→25 T/m) to opƟmize T
• MEBT will ensure longitudinal matching 

from the RFQ to ALPI
• Acceleration up to 10 MeV/u depending 

on the A/q ratio. 

new QWR bunchers
PIAVE QWR repositioning

MEBT



End to end simulation from the CB to end 
of ALPI

MRMS RFQ ALPI

• Case of ܵ݊	ଵଽା	
ଵଷଶ 	@ 0.76 MeV with 0.1 mm mrad from the CB and +-15 eV of energy 

spread. 
• The total losses in the nominal case are less than 14%, the final energy is 1200 MeV 



End to end simulation from the CB to end 
of ALPI

• Gradient and synchronous phase along ALPI
• Output beam with energy spread of about 1/1000



Preliminary error study

• Gradient and synchronous phase along ALPI

1  Cavity misalignment 2mm

1  Quadrupole field change on 5 %



Preliminary error study

1  Quadrupole position 0.1 mm

Parameter Value Average losses

Cavity displacement ±1 mm 30%

Phase error ±1° 15%

Input beam phase error ±2° 10%

Quadrupole displacement ±0.05 mm 22%



Conclusions

• The Layout of SPES has been fully defined.
• The cyclotron commissioning is about to begin.
• The line between the CB to the RFQ is on procurement.
• The HRMS is on the final physics design.
• ALPI will be upgraded with new magnets and control system.



<<
  /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


