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Progress of SPIRAL2 project:

 description of SPIRAL2 facility
 organization
 progress of the first phase of SPIRAL2
 progress of the second phase of SPIRAL2
 conclusions
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DESIR Facility 
low energy RIB

HRS+RFQ Cooler

RIB Production Cave
Up to 1014 fiss./sec.

A/q=3 HI source
Up to 1mA

A/q=2 source
p, d, 3,4He 5mA

LINAC: 
33MeV p 
40 MeV d 
14.5 AMeV HI  

The SPIRAL2 facility

Existing  GANIL 
facility

CIME cyclotron RIB at 1-20 AMeV 
(up to 10 AMeV for fiss.fragments)

S3 separator-
spectrometer

Neutrons 
For Science

SPIRAL2 is one of the ESFRI list projects (45 most important EU research infrastructure projects)
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Heavy and Super 
Heavy Elements

and also…

Neutrons for science
Atomic & solid state physics
Radiobiology & Isotope production

Nucleosynthesis in 
the Universe

Scientific case of GANIL/SPIRAL 2
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Decision level

Strategic 
management

Operational 
management

Systems

Laboratories

CEA/DSM CNRS/IN2P3

Head of project

Accelerator
driver

RIB Buildings

Evaluation 
committees
TAC – SAC

Management team

Steering Committee

Scientific
community

Nuclear Facility

Autres

International steering 
committee

SPIRAL2 project organization
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R§D and Construction

CEN Bordeaux-Gradignan (CENBG)

Centre de Spectro. Nucléaire et Spectro. de Masse Orsay (CSNSM)

Institut de Physique Nucléaire Orsay (IPNO)

Institut de Physique Nucléaire Lyon (IPNL)

Institut Pluridisciplinaire Hubert Curien Strasbourg (IPHC)

Laboratoire Accélérateur Linéaire Orsay (LAL)  (LPC)

Laboratoire de Physique Nucléaire et de Htes Energies Paris (LPNHE)

Laboratoire de Physique Subatom. et de Cosmol. Grenoble ( LPSC)

R§D Construction

DSM     IRFU/SPhN IRFU/SACM

DSM IRFU/SIS

DSM IRFU/SENAC

DSM – Saclay Expertise

DAM     DPTA DASE et DP2I

DEN Expertise

DPSN Expertise

International 
collaborations 

partner laboratories
for SPIRAL2 construction 
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International Collaborations

RIKEN, Tokyo

FAIR/GSI, Darmstadt

HRIBF, Oak Ridge

ISOLDE

SARAF

ANL, Argonne

BARC,TiFR 
Bombay

NSCL, MSU

IRNE, Bulgaria

TRIUMF

ESS Bilbao
SPAIN

IMP, Lanzhou

16 signed (LEA*, LIA**, MoU***) agreements
MoU with Bilbao (RIB production module,…) 
signed in March
2 agreements under preparation:
•MoU with GSI/FAIR (baseline project)
•LIA/MoU with TRIUMF (laser sources)

MoU/LIA/LEA signed

MoU under preparation

New detailed agreements

INFN, Italy

15-19/11/10 LEA Workshop with SPES
13/12/10 MoU with Sweden 
5-8/01/11 LIA Symposium RIKEN
14-15/03/11 Workshop with FLNR Dubna
31/03/11 Workshop with ESS Bilbao

NIPNE
Bucharest

Uppsala University

COPIGAL

FLNR, Dubna
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Phase 1

Phase 2

Construction of SPIRAL2 in 2 phases

End of 2007: 2 phases construction strategy with its licensing procedure and 
associated schedule presented to the National Safety Authority (ASN) 
Beginning of 2008: strategy validated by ASN => one public enquiry, one DAM 
report and one decree for the two phases.



IPAC 2011, 5-9 september 2011 Eric Petit

Construction of SPIRAL2 in 2 phases

SPIRAL2 
Phase 1

SPIRAL2 
Phase 2

Existing
GANIL Facility
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Planning for SPIRAL2 Phase 1

T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4

Accelerator and associated experimental area buildings
Definition of buildings specifications
Competition and MOe choice June 2008

Preliminary design of buildings (APS +)
DAM transmission April 2009

Submission of buildings permit July 2009

Detailed design of buildings (APD)
Public enquiry and Instruction byIRSN 
Permit of construction obtained
Site preparation- Buildings construction
Receipt of first underground caves 
Receipt of first surface caves 
Equipments installation
First beam tests
Tests and operation

20142012 20132006 2007 2008 2009 2010 2011

C
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Site before its preparation in November of last year

status of buildings construction
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The hole for the buildings

status of buildings construction
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The crane

status of buildings construction
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Pouring the first concrete this week

status of buildings construction
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>1/3 >1/2

>1/6 RFQ Linac

NFS

BD

S3

Towards production Towards DESIR

Future extension

Q/A I
(mA)

Energy
(Mev/u)

CW max beam
Power (KW)

Protons 1/1 5 2  - 33 165

Deuterons 1/2 5 2  - 20 200
Ions 1/3 1 2  - 14.5 45
Ions 

(option) 1/6 1 2  - 8 48

SPIRAL2  Phase 1: Driver Beam Characteristics

Machine  underground 
(beam axis = - 8m)
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PhoenixV2 + LEBT1

 Technical & beam tests 2010/2011 :
 PLCs, C/C (Epics) , Vacuum…
 Faraday cups, profilers
 Emittance-meters, slits
 Metallic beams developments:25 µA 

Ca40 13+ obtained (600 Watt HF 
power, 35 kV)

 Last beam tests (September 2011) :
 Oxygen beam obtained at 60 kV

Beam profiles and emittance 0,22 pi.mm.mrad 
(O16 6+, March 2010)

Xe132 25+ 
O16 3+

Xe132 25+ 
Separation using slits

Irfu Saclay
LPSC Grenoble
IPHC Strasbourg
Ganil

A/q=3 HI source
up to 1mA

with its associated LEBT



IPAC 2011, 5-9 september 2011 Eric Petit

Deuteron/proton Source + LEBT2 +LEBTC

Irfu Saclay
LPSC Grenoble
IPHC Strasbourg
INFN-LNS
Ganil

Deuteron 2.45 GHz ECR source tested
successfully in March 2010 (Protons)

First beam observed after LEBT2
Bending magnet in October 2010

Deuteron beam

Simulation (Tracewin)

Experiment (Oct 2010)

Deuteron and proton 
source

with its associated LEBT
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Status of RFQ

4 vanes- 5m long
conducting copper cavity

Irfu Saclay

3D measurements promising but 
several non conformities imply 
delay and  force us to reconsider 
the tolerance objectives.
We hope completely assembled 
T5 before end of march 2012.

4 other segments (T1-T4) should 
be delivered in june 2012.

T5 segment - 3D measurements T4 segment   
machining
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Status of LME line

Ganil
IPHC Strasbourg

Irfu Saclay

1st buncher power tests over in:June 2011
specifications  OK(120kV CW and 180kV pulsed)
bunchers 2 & 3 delivered end  of 2012

All ten quadrupoles are built
Magnetic measurements OK 

Call for tender of mechanics for supports and
vacuum pipes ready to be launched end of this year

Line to match the beam 
for the LINAC
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Status of LINAC β0=0.07 cavities

Irfu Saclay NIPNE Bucarest
LPSC Grenoble LPNHE Paris
IPN Orsay BARC India
LAL Orsay Ganil 

The first β0=0.07 cryomodule 
is under tests. We face 
pollution difficulties.

Quadrupoles under  
fabrication.
The first ones measured

Supports for Cryomodules and Warm 
Sections under manufacturing

12 x β0=0.07 supraconductive cavities
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IPNO/Orsay

Irfu NIPNE Bucarest
LPSC Grenoble LPNHE Paris
IPN Orsay BARC India
LAL Orsay Ganil 

Status of LINAC β0=0.12 cavities

Solid-state amplifiers 
used to power the 
linac cavities are 
being manufactured

All the couplers are received and are being commissionned.All the couplers are received and are being commissionned.

All the couplers 
received and are being 
commissionned. 

Qualifying cryomodule, for β0=0.12 
cavities, met the specifications but 
pollution difficulties (dust) with 
production cryomodules.

14 x β0=0.12 supraconductive cavities
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Status of HEBT line

Quads and dipoles and power supplies
under construction

Support and vacuum pipes 
are now much detailed and 

ready for construction

HEBT design is now frozen

Construction will be launched
end of 2011

Beam Dump

Ganil
IPN Lyon
IPN Orsay 
Ciemat Spain
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July 2010 

T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4

Bâtiment Production et salles expériences associées
Competition and MOe choice- November 2009
Choice of company for building study
Preliminary design  of buildings (APS )

Detailed design of buildings (APD)
Submission of preliminary safety report

Analysis of buildings WP quotations
Signing of buildings WP contracts
Site preparation - Buildings construction 
Receipt of first underground caves for lines installation 
Receipt of production cave for process installation
Equipments installation
Tests and operation

2015201420122013201120062007200820092010

C

C

Submission of buildings permit 

Obtaining of buildings permit

Planning Phase 2
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July 2010 

Budget 
aspects

T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4

Bâtiment Production et salles expériences associées
Competition and MOe choice- November 2009
Choice of company for building study
Preliminary design  of buildings (APS )

Detailed design of buildings (APD)
Submission of preliminary safety report

Analysis of buildings WP quotations
Signing of buildings WP contracts
Site preparation - Buildings construction 
Receipt of first underground caves for lines installation 
Receipt of production cave for process installation
Equipments installation
Tests and operation

2015201420122013201120062007200820092010

C

C

Submission of buildings permit 

Obtaining of buildings permit

Planning Phase 2
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July 2010 

Budget 
aspects

T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4T1T2T3T4

Bâtiment Production et salles expériences associées
Competition and MOe choice- November 2009
Choice of company for building study
Preliminary design  of buildings (APS )

Detailed design of buildings (APD)
Submission of preliminary safety report

Analysis of buildings WP quotations
Signing of buildings WP contracts
Site preparation - Buildings construction 
Receipt of first underground caves for lines installation 
Receipt of production cave for process installation
Equipments installation
Tests and operation

2015201420122013201120062007200820092010

C

C

Submission of buildings permit 

Obtaining of buildings permit

New planning 
to built

Planning Phase 2
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March 
2011

December
2011

September
2011

SPIRAL2 Phase 2 buildings

We are currently analyzing the issue of preliminary design of 
the buildings before starting their detailed studies.
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UCx

2H
Converter

IS
1+

UCx IS
1+

Target
HI

IS
1+

n

p, d

Fission fragments

Fission fragments

e.g. 14,15O, 11C, 102-106Sn  

2H Converter

Target IS
1+n

e.g. 9Be(n,α) 6He  1013pps

Layout of ISOL Rare Isotope Beams

J. Benlliure

Up to 2.3 kg HD UC2

C

5mA

Up to 51013 fiss./s
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RIB Production and Transport

LINAC
beam Production 

hall

Maintenance 
and waste 

management 
area

High 
Resolution 
Separator

CIME

Identification 
Station

ECR Charge 
booster

N+ beam tranfer
lines to CIME
existing cyclotron

1+ beam 
tranfer lines

1+ RIB to 
DESIR Hall

Energy range of SPIRAL2 ISOL RIB : 
≤ 60keV and 1-15 MeV/nucl.
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RIB Production Module

Target and 
ion source

50-200 kW 
Graphite 

Converter

Extraction

The detailed study of the TIS production module is completed .
The production module is a totally remote-operated system taking into account
radiological environment, safety and contamination handling rules.
The construction of a prototype of the production module could begin in the fourth
quarter of 2012.
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4 ion sources for RIB production

 prototype of ECR tested (80% efficiency),
Laser Ion source has to be developped, only the 
laser source is tested,
 FEBIAD  Source under development,
 Surface Ionization  Source under development,

~70<M<~150

Laser / Febiad
Surface ionisation
Monobob ECR

Ga+ produced with GISELE 
laser system, in collaboration 
Mainz University



IPAC 2011, 5-9 september 2011 Eric Petit

Converter and targets

The first complete prototype of the 50kW size 
converter is under construction at INFN-LNL. 
The individual parts (graphite evaporation rate, 
ball bearings, cooling system and the 
mechanical rotation) has already been tested 

Ucx target:
different structure and density have been irradiated at
IPNO to find an optimum target for the production.
A new target laboratory dedicated to the Ucx
development is under construction

Graphite oven manufactured to reach 
2000°C temperature for Ucx target 
Temperature tests in October 2011
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RIB transport lines

 1+ line :
The preliminary design of 1+ line is
achieved. The integration studies in the
buildings, taking into account the
constraints of maintenance, are in progress.
The mechanical design of the line is based
on the use of independent modules that will
be extracted with remotely operated tools
from inaccessible places like the production
caves.

N+ line towards CIME existing cyclotron:
The preliminary design of the n+ line is
complete. The integration and the
maintenance of these lines in the buildings
have been taken into account. Their detailed
study has still to be started.
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RIB transport lines
 Charge booster: 
charge breeding has been tested on the 
LPSC test bench with the MONOBOB ECR 
1+ source. The nuclearization of its 
mechanical design is well advanced.

 RFQ Cooler :
prototype built and the tests with beam are 
in progress . The nuclearization of its 
mechanical design, for maintenance 
operation in a zone where radioactivity 
and/or contamination will become 
important, is under studies. 

 HRS:
beam dynamics is fixed  and now the 
feasibility study of the magnet is underway

 Identification station ID1+:
the detailed study is over.
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Conclusions
Concerning SPIRAL2 phase1: 
• Moreless all the equipments are under manufacturing or 
tests. 
• All the tests in laboratories are very important to debug 
problems before final installation at GANIL.
• Buildings construction has started and the first poured 
concrete is expected this week.
• The very important task now is to prepare the installation 
phase of equipments in buildings. This task was initiated and 
is underway.
Concerning SPIRAL2 Phase2:
• Preliminary studies of sub-systems are completed.
• All detailed studies to be finished by the end of 2012.
• Beginning of construction of equipments and buildings at 
end of 2013 or beginning of 2014.
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Thank you for your attention


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Scientific case of GANIL/SPIRAL 2
	Slide Number 5
	Slide Number 6
	International Collaborations
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	RIB Production Module
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35


<<
  /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


