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k = 130 isochronous sector cyclotron
10 – 20 MHz
two injectors:

– 2 MV TandetronTM

– 6 MV Van-de-Graaff, 
backup, time structures

three target stations:
– treatment room
– experimental station 

(Imax(DC) = 10 nA)
– beam line end for tests in

cyclotron vault

•

•

•
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Accelerator Performance
• only 1700 hours of scheduled beam time: 

major events → huge impact on statistics
• many errors appear during 

start-up of accelerator
• with few exceptions: downtime < 5%

(Jan. – Nov. 2022: < 1%)

• good performance in spite of: 
• problems with suppliers 

(main issue: ultra long delivery times)
• new safety regulations, 

requiring exchanges of perfectly working parts

• good performance thanks to huge efforts of the staff
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Reasons for Down Time
• major events: cyclotron
• 2015: human error 

– increase of injector voltage too fast
• 2021: water leak in extraction coil 

– shifting of therapy week necessary
(shifting counts as downtime)
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Major Event: Repair of Extraction
• time consuming:
• opening of cyclotron (extraction valley) necessary
• open all the feed-throughs for phase probes
• after repair: pumping and conditioning of electrostatic 

elements
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Major Event: Repair of Extraction
• time consuming:
• opening of cyclotron (extraction valley) necessary
• open all the feed-throughs for phase probes
• after repair: pumping and conditioning of electrostatic 

elements
• our luck: spare extraction coil according to original 

drawings already ordered and at HZB
• since several decades: 

correction coil never used, 
even not connected!

• now: correction coil necessary,
otherwise no extraction possible!

• most likely: slightly different position 
of vacuum chamber

STATUS OF THE HZB CYCLOTRON
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Research & Development
• accelerator R & D (ARD):
• beam delivery for Flash irradiations

(extremely high doses in short times)
see also poster MOP11 – Timo Fanselow

• digitize beam profile monitors
(poster WEP011 – Jürgen Bundesmann)

• „Cocktail beams“: 90 MeV 4He2+ and 45 MeV H2
+
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Research & Development
• accelerator R & D (ARD):
• beam delivery for Flash irradiations

(extremely high doses in short times)
see also poster MOP11 – Timo Fanselow

• digitize beam profile monitors
(poster WEP011 – Jürgen Bundesmann)

• „Cocktail beams“: 90 MeV 4He2+ and 45 MeV H2
+

• Dosimetry and Medical Physics:
• irradiation of mice eyes under conventional and FLASH conditions

• determination for appropriate material for artificial lenses in ocular proton therapy

• depth profile camera
(talk TUB02 – Alina Dittwald)

• Radiation hardness tests:
external users, e.g. DLR, universities, industry
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beam delivery for FLASH irradiations 
• definition: dose rate > 40 Gy/s, t < 1s

→ extremely high dose rates
• idea: maintain tumour control, reduce side effects
• dose applied in a very short time → high dose rates required
• challenges:

- dosimetry: linearity, saturation effects, … 
- reliable beam delivery: beam stability, same dose from shot to shot, …
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beam delivery for FLASH irradiations 
• definition: dose rate > 40 Gy/s, t < 1s

→ extremely high dose rates
• idea: maintain tumour control, reduce side effects
• dose applied in a very short time → high dose rates required
• challenges:

- dosimetry: linearity, saturation effects, … 
- reliable beam delivery: beam stability, same dose from shot to shot, …

• short times → close look on switching times
• Faraday Cup: > 100 ms (50 mm stroke)
• therapy: fast mechanical beam stop (scissors): 

opening time ~ 10 ms, closing time ~ 5 ms 
• no issue for conventional irradiation
• first Flash experiments with 200 ms
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beam delivery for Flash irradiations – control by FPGA & LabVIEW
• two ionization chambers  for beam monitoring
• FPGA board processes signals of Farady Cup (FC) and ionization chambers 
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beam delivery for Flash irradiations – control by FPGA & LabVIEW
• two ionization chambers  for beam monitoring
• FPGA board processes signals of Farady Cup (FC) and ionization chambers 
• FPGA board controls FC, beam stopp and electric beam deflector
• LabVIEW interface for data acquisition, dose verification, and irradiation

• preset time = calibration mode
counts of ionization chambers are captured, measured dose inserted manually 

• code correlates the sum of the counts to measured dose
• integrates the counts after stop-signal was triggered (excess counts)
• defines switch-off strategy: in “dose mode” the stop-signal is given for 

corresponding dose minus expected excess counts
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beam delivery for Flash irradiations – control by FPGA & LabVIEW
• several trial runs to verify the set-up for the day (few minutes only)
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beam delivery for Flash irradiations – control by FPGA & LabVIEW
• several trial runs to verify the set-up for the day (few minutes only)
• conventional irradiation mode ~ 0.2 nA, 0.25 Gy/s, 

60 s total irradiation time, statistically no fluctuations
• Flash ~ 50 nA , dose rate 75Gy/s - 30 trial runs to estimate error:

14.9 Gy with a standard deviation of 0.6%
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beam delivery for FLASH irradiations – irradiation of mice eyes 
• aluminum for beam scattering & range shifting:  range 5.2 mm in water, 

0.9 mm distal fall-off (90% to 10% isodose)
• modulator wheel for Spread Out Bragg Peak (960 SOBP/s)
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beam delivery for FLASH irradiations – irradiation of mice eyes 
• aluminum for beam scattering & range shifting:  range 5.2 mm in water, 

0.9 mm distal fall-off (90% to 10% isodose)
• modulator wheel for Spread Out Bragg Peak (960 SOBP/s)
• collimator: 6.3 mm PTV , 1.7 mm lateral penumbra (90% to 10% isodose)

• Early normal tissue reactions after FLASH proton beam exposure of mice eye: preliminary 
results from in-vivo investigation using optical coherence tomography 
Flash Radiotherapy & Particle Therapy, 30.11.22 – 2.12.22,Vienna
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2. monitor chambers (7861, PTW-Freiburg, Germany)
3. combined degrader and scattering system, 16 mm A
4. 3D printed modulator wheel 

(periods: 48; rotation speed: 20 Hz)
5. light field system 

(LED lamp and mirror foil (25 µm Kapton)
6. collimator (brass; Ø5.5 mm)
7. anesthetized mouse with light field for positioning
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beam delivery for FLASH irradiations – further developments
• currently ideal irradiation time unknown (definition Flash: < 1 s)
• indications that irradiation times should be shorter than 100 ms
→ mechanical beam stop too slow
→ electrical beam deflector
• recently: electrical beam deflector only for the Van-de-Graaff injector available

single pulses with 1ns pulse width and 2.4 MHz repetition rate feasible
• now:  installation of a second chopper on the DC-beam from the Tandetron

MOP11 – Timo Fanselow: Design and Operation of the new fast beam chopper between Tandetron and cyclotron

• replace modulator wheel with ridge filters
• near future: irradiations of sarcoma and uveal melanoma organoids
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determination for appropriate material for artificial lenses in ocular proton therapy
• artificial lenses from various manufacturers irradiated with protons 

under conventional and Flash mode
• lenses mounted in front of the water phantom with 

Markus chamber for absolute dosimetry
• identical irradiation field size for both modes
• conventional: 60 Gy, dose rate 0.2 Gy/s
• Flash: 60 Gy, dose rate 70 Gy/s Lens 

Holder

Lens
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determination for appropriate material for artificial lenses in ocular proton therapy
• Manufacturers:

- Bausch+Lomb “enVista” +10.0 D Modell MX60 with UV absorber
- Bausch+Lomb “Akreos” +11.5 D with UV absorber
- Bausch+Lomb “Softport” +17 D
- Zeiss “CT Lucia 201P” + 19.5
- Zeiss “CT Asphina 509 MP” +21 d

• no significant changes in transmission 
before/after irradiation

• edges at the same wavelength
→ dose rate is irrelevant
• only after irradiation with 60Co, 20000 Gy (typical sterilisation dose)

changes in transmission observed

DOSIMETRY AND MEDICAL PHYSICS
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Conclusion and Outlook
• more than 4400 patients treated (Nov. 2022)
• in spite of Covid-19: high patient numbers
• reliable accelerator operation
• Flash irradiations with Spread Out Bragg Peak feasible
• no changes observed when irradiating artificial lenses either conventionally or in Flash mode
• near future: irradiations of sarcoma and uveal melanoma organoids
• 30.6.2023: 25 years of eye tumour therapy at HZB

STATUS OF THE HZB CYCLOTRON


	Status of the HZB Cyclotron
	Layout of the accelerator complex
	Layout of the accelerator complex
	Layout of the accelerator complex
	Layout of the accelerator complex
	Layout of the accelerator complex
	Layout of the accelerator complex
	Layout of the accelerator complex
	Layout of the accelerator complex
	Accelerator Performance
	Accelerator Performance
	Accelerator Performance
	Accelerator Performance
	Accelerator Performance
	Accelerator Performance
	Reasons for Down Time
	Reasons for Down Time
	Reasons for Down Time
	Reasons for Down Time
	Major Event: Repair of Extraction
	Major Event: Repair of Extraction
	Major Event: Repair of Extraction
	Major Event: Repair of Extraction
	Major Event: Repair of Extraction
	Major Event: Repair of Extraction
	Major Event: Repair of Extraction
	Major Event: Repair of Extraction
	Research & Development
	Research & Development
	Research & Development
	beam delivery for FLASH irradiations 
	beam delivery for FLASH irradiations 
	beam delivery for FLASH irradiations 
	beam delivery for FLASH irradiations 
	beam delivery for FLASH irradiations 
	beam delivery for FLASH irradiations 
	beam delivery for Flash irradiations – control by FPGA & LabVIEW
	beam delivery for Flash irradiations – control by FPGA & LabVIEW
	beam delivery for Flash irradiations – control by FPGA & LabVIEW
	beam delivery for Flash irradiations – control by FPGA & LabVIEW
	beam delivery for Flash irradiations – control by FPGA & LabVIEW
	beam delivery for Flash irradiations – control by FPGA & LabVIEW
	beam delivery for Flash irradiations – control by FPGA & LabVIEW
	beam delivery for Flash irradiations – control by FPGA & LabVIEW
	beam delivery for Flash irradiations – control by FPGA & LabVIEW
	beam delivery for FLASH irradiations – irradiation of mice eyes 
	beam delivery for FLASH irradiations – irradiation of mice eyes 
	beam delivery for FLASH irradiations – irradiation of mice eyes 
	beam delivery for FLASH irradiations – irradiation of mice eyes 
	beam delivery for FLASH irradiations – irradiation of mice eyes 
	beam delivery for FLASH irradiations – irradiation of mice eyes 
	beam delivery for FLASH irradiations – irradiation of mice eyes 
	beam delivery for FLASH irradiations – irradiation of mice eyes 
	beam delivery for FLASH irradiations – irradiation of mice eyes 
	beam delivery for FLASH irradiations – irradiation of mice eyes 
	beam delivery for FLASH irradiations – irradiation of mice eyes 
	beam delivery for FLASH irradiations – irradiation of mice eyes 
	beam delivery for FLASH irradiations – irradiation of mice eyes 
	beam delivery for FLASH irradiations – further developments
	beam delivery for FLASH irradiations – further developments
	beam delivery for FLASH irradiations – further developments
	beam delivery for FLASH irradiations – further developments
	beam delivery for FLASH irradiations – further developments
	beam delivery for FLASH irradiations – further developments
	determination for appropriate material for artificial lenses in ocular proton therapy
	determination for appropriate material for artificial lenses in ocular proton therapy
	determination for appropriate material for artificial lenses in ocular proton therapy
	determination for appropriate material for artificial lenses in ocular proton therapy
	determination for appropriate material for artificial lenses in ocular proton therapy
	determination for appropriate material for artificial lenses in ocular proton therapy
	Conclusion and Outlook
	Conclusion and Outlook
	Conclusion and Outlook
	Conclusion and Outlook
	Conclusion and Outlook
	Conclusion and Outlook


<<
  /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 true
  /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
    /Calibri-Light
    /Calibri-LightItalic
    /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
    /ComicSansMS-BoldItalic
    /ComicSansMS-Italic
    /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
    /Ebrima
    /Ebrima-Bold
    /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
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /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
    /JavaneseText
    /JOAN
    /Jokerman-Regular
    /JuiceITC-Regular
    /JUSTICE
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LeelawadeeUI
    /LeelawadeeUI-Bold
    /LeelawadeeUI-Semilight
    /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
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /MalgunGothicSemilight
    /MalgunGothic-Semilight
    /MANDELA
    /Mangal-Regular
    /Marlett
    /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
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MICRODOT
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiLight
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUILight
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiLight
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /MicrosoftYaHeiUILight
    /Microsoft-Yi-Baiti
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyanmarText
    /MyanmarText-Bold
    /NATURALBORN
    /NEOLITH
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NirmalaUI-Semilight
    /NSimSun
    /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
    /PMingLiU-ExtB
    /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
    /SegoeMDL2Assets
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUIBlack
    /SegoeUIBlack-Italic
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUIEmoji
    /SegoeUIHistoric
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-LightItalic
    /SegoeUI-Semibold
    /SegoeUI-SemiboldItalic
    /SegoeUI-Semilight
    /SegoeUI-SemilightItalic
    /SegoeUISymbol
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /SHELMAN
    /ShowcardGothic-Reg
    /Shruti
    /SimSun
    /SimSun-ExtB
    /SitkaBanner
    /SitkaBanner-Bold
    /SitkaBanner-BoldItalic
    /SitkaBanner-Italic
    /SitkaDisplay
    /SitkaDisplay-Bold
    /SitkaDisplay-BoldItalic
    /SitkaDisplay-Italic
    /SitkaHeading
    /SitkaHeading-Bold
    /SitkaHeading-BoldItalic
    /SitkaHeading-Italic
    /SitkaSmall
    /SitkaSmall-Bold
    /SitkaSmall-BoldItalic
    /SitkaSmall-Italic
    /SitkaSubheading
    /SitkaSubheading-Bold
    /SitkaSubheading-BoldItalic
    /SitkaSubheading-Italic
    /SitkaText
    /SitkaText-Bold
    /SitkaText-BoldItalic
    /SitkaText-Italic
    /SnapITC-Regular
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /Stencil
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TeXGyreTermes-Bold
    /TeXGyreTermes-BoldItalic
    /TeXGyreTermes-Italic
    /TeXGyreTermes-Regular
    /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
    /YuGothic-Bold
    /YuGothic-Light
    /YuGothic-Medium
    /YuGothic-Regular
    /YuGothicUI-Bold
    /YuGothicUI-Light
    /YuGothicUI-Regular
    /YuGothicUI-Semibold
    /YuGothicUI-Semilight
    /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




