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NIRS 1. Introduction

HIMAC Carbon-ion radiotherapy in Japan

Operation facilities:

HIBMC GHMC Period Patients
Hyogo Gunma total (in 2014)
(2001) (2010) .
. HIMAC (1994 — 2016.8) 10031 (794%)
HIBMC (2005 - 2016.3) 2263 (241)
GHMC (2010 — 2016.6) 2087 (501)
. 29 Saga-HIMAT (2013 — 2016.7) 1492 (503)
HIMAC iIROCK (2015.12 -) - (-)
/ Chiba sum 15873  (2039)
2 r (1 994) *from Apr. to Mar.
.x¥ SAGA-HIMAT
a3 Saga |ROCK
(2013) Kanagawa
2015
@® Heavy ion ( ) y
0 See, Muramatsu’s WEBOO?2

® Proton (including shutdown)
@ Proton (under construction)
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Basic experiments at HIMAC  /
~

/\

O Medicin

e

Beam time

1994 1996 1998 2000 2002 2004 2006 2008 20102012 ~ 5000 hours / year
Year

05"
Courtesy of A. Brahme

Courtesy of Yoshiya Furusawa, NIRS

[ <|:tonsource 1 +Linac Y : Treatment room J

O : Synchrotron D : Experiment room
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%AC Two-frequency heatln% /

/\

Mirror magnetic fields

lonized

14GHz + 18GHz

ECR zone
BEcr = o/em

A. Kitagawa, et al.,
Rev.Sci.Instrum.71, 1061(2000).

In order to increase the beam intensities of various ions, a
technique to feed multiple microwaves with different
frequencies, the so-called two-frequency heating technique,
has been studied.
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A. Kitagawa, et al, ECRIS2012, Sydney, September 2012, p. 10 (2012).
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%Ac

Our previous conclusion /
\b

« An additional microwave with a different frequency improves the
plasma stability at greater microwave power.

 The output current of the highly charged ion beam is proportional to
the total power of both microwaves.

* It was guessed that the additional frequency controls the anisotropy of
the electrons’ velocity distribution which may affect the plasma
instability. Two frequencies are each close together (“close 2f”) are
capable for this purpose at NIRS.

* The dependence on the additional frequency showed fine structure.
This structure depended on the parameters (magnetic field, vacuum
pressure, and so on).

4
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HIMAC Frequency dependenci/

\
Large power 18.0 GHz Krystron /
+ Small power TWT _ + Large power TWT
Main :
600 l Main
500 l
< 400 I1VA /\'A N\ 40
@ 300 AV / \V W v k—\/‘ 30 A T
c / v ~ 20 4 Ar
L cH
3 100 —V =5
o EE
10 12 14 16 18 o
frequency (GHz) 2 30 -
Fig.5. Output currents of Ar8* as a function of the frequency of 8 20 Art3+
the additional microwave. = 10 - (KLY+TWT)
o p—
750 | £ 4
[ 9]
< 700 F O 30 Kr2*
3 550 : / /M (KLY+TWT)
— 65
= ; \ 10 -
£ 600 | % 0 '
© 550 E 17.0 17.5 18.0 18.5 19.0
16 16.5 17 Microwave frequency of the TWTA (GHz)

frequency (GHz)

Fig.6. Output currents of Ar8* as a function of the frequency of
the additional microwave.

A. Kitagawa et al., EPAC’00, Wien, June 2000, p.1607 (2000) S. Biri et al., Rev.Sci.Instrum. 85, 02A931 (2014).
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HIMAC Only NIRS-HECi/
/\

An interest has arisen as to whether the fore mentioned phenomenon
can be demonstrated using a different ion source where the two
frequencies are even far apart from each other (“far 2f”).




NIRS 2. Previous experiments at HIMAC

Only NIRS-HEC ?/

/\

HIMAC

An interest has arisen as to whether the fore mentioned phenomenon
can be demonstrated using a different ion source where the two
frequencies are even far apart from each other (“far 2f”).

Various previous works:

1. large power, fixed frequency
+

large power, fixed far frequency

2. large power, fixed frequency
+

small power, flexible frequency

i L el
By R 2
%
f e, F
LA ' g
, T ¢ H
o] 2 :
k A ! ; ]

NIRS-HEC designed for 18GHz

? large power, fixed frequency
+

large power, flexible frequency




3. Present experiments at ATOMKI




NIRS 3. Present experiments at ATOMKI

ATOMKI-ECR/
T~

/\

HIMAC

In order to obtain data at large power and flexible “far 2", we installed a
17.75-18.25 GHz TWT microwave system in addition to the 14.3 GHz
klystron amplifier of the ATOMKI ECRIS.

i L e
By R 2
G, ™
f e, T
LA ' g
, T ¢ H
o] :
l ? : 4 .

NIRS-HEC designed for 18GHz

ATOMKI-ECR designed for 14GHz




NIRS 3. Present experiments at ATOMKI

Specifications
TR

HIMAC

NIRS-HEC ATOMKI-ECR

Main microwave frequency (GHz 18.0 14.3

Maximum power (kW 1.5 1.4

)
)
Additional microwave frequency (GHz) | 17.10 — 18.55 17.75 - 18.25
)
)

Maximum power (kW 1.2 0.5

Maximum mirror magnetic field at injection side(T 1.3 1.2
at extraction side (T) 1.2 0.95

Mirror field peak-peak distance (mm) 165 235

Radial magnetic field on the surface of chamber (T) 1.1 1.1
Hexapole magnet length (mm) 200 200

Plasma chamber length (mm) 200 210

Plasma chamber diameter (mm) 61 58

Maximum extraction voltage (kV) 56 30




NIRS

HIMAC

Sweep oscillator
HP8350B, HP83590A
f=2-20GHz

P=0.3 mW — 100 mW

Experimental setup
TFFH (two far frequency heating)

Vacuum window

3. Present experiments at ATOMKI

Setup at ATOMKI-ECR  /
~

/\

Circulator o _
TWTA r-18GH | ROV o o
P=500W Puax= 500W == HV Window -
£=17.75 — 18.25 GHz / / / /
| =1 ﬁ& & — =
|ﬁ [ I ! a
/‘FDI:I— Power 1; 3
Load _ Meter OWEL | HV Window ®
P, =500 W Cross guide Meter / o,
=1 ﬁ@ HP 8481 A | — =
| I | @ L | 1 E 1 1 g_
. -~ AW - &
Klystron Circulator Power =
P=1500 W f=143 GHz / Meter
1\1—2143 GHz Pmas_ 2000W CI'OSS' guide HP 8481 B CO[]\.-’E[’te]‘
; : WR62 - WR 75
Sweep oscillator P L—Ofotfmw Vacuum window
HP8620A, HP86260A max f=14.3 GHz
f=124-18 GHz Py = 2000W

Limitation at the present experiment:

*Cooling capacity at the plasma chamber

Extraction voltage

*Horizontal slit for good analyzing resolution

<1.5 kW
<10 kV
= narrow
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Frequency de endence/
HIMAC quency dep =
60.0 /
Ar11+
g . A R A*AAAA
g 40.0 A A “AAAAA A A
& 300 | A A 14+18GHz
§ ®  18GHz single
Ezl 20.0 14GGHz single
@]
]
10.0 ............=.l....ll.lll
0.0

17.70 17.80 17.90 18.00 18.10 18.20 18.30

Frequency (GHz)

» The typical frequency dependence in this “far 2f” experiment at ATOMKI-ECR shows the
fine structure similar to the case of the “close 2f” experiments at NIRS-HEC.




NIRS 3. Present experiments at ATOMKI

HIMAC Power dependenci/
/i
7
4 13+
ol N Ar
[ ] A

5+ A
£ A A KLY14.3GHz +
S 4 A TWT17.76 GHz(fix500W)
E A'e
Y~ 3 f' ® KLY14.3GHz single
o . (optimized for KLY+TWT)
5 2
= m, A A Kly14.3GHz(fix1000W) +
R =" a TWT17.76GHz
3 |
o m N

om—— - A . 0 T B KLY14.3GHz (optimized

0 500 1000 1500 for KLY only)

Total power (W)

« The output currents of Ar''* and Ar'3* were almost proportional to the power.
(The dependence of Ar’* and Ar'* were saturated at lower powers.)

 Since the maximum total power was limited to bellow 1.5 kW (due to the limited cooling
capacity), no plasma instability appeared during this measurement.




4. Comparison between two
experimental results




NIRS

Output currents of Ar_/
~

\
1000
100
o
3
& 107
£
z . B NIRS-HEC 2013
% B ATOMKI-ECR 2016
(&)
3 01 |
>
3
001 | I
0.001 ‘

17 16 15 14 13 12 11 10 9 8 7

» The output currents at ATOMKI-ECR in 2016 were 10-20 % of NIRS-HEC in 2013 due to
several experimental conditions like the extraction voltage (10kV at ATOMKI and 20kV at
NIRS), analyzing slit width, and so on.

» The charge-state distribution at ATOMKI-ECR was relatively lower.

» The other differences were the geometry of ECR zone.




NIRS

HIMAC Size comparison of both ECR zones_| /

/\

T ATOMKI- | NIRS
i Hmﬂﬂﬂﬂh | ECR | HEC
Frequency (GHz) | 18| 14 18
Diameter (cm) 3.8 3.1 3.5

Length (cm) 10.0| 6.6 5.0

Volume (cm3) 85| 36 35

Surface (cm?) 112 | 61 51

18 GHz 14 GHz

* The surface area and volume of ECR zone at NIRS-HEC is similar to that of 14 GHZ's at
ATOMKI-ECR; however 18 GHz’s one at ATOMKI-ECR is roughly twice as them.
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%AC Present conclusmn\/

/\

* It has not been confirmed that the mixture of two frequencies
suppresses the plasma instability and improves the output currents
of highly charged ions with “far 2f". However, there is no disproof.

* The other tendencies of the observed phenomena in the “far 2f”
experiment are very similar to the “close 2f" experiments.

* From a practical point of view, at both cases large improvement was
observable. If the cooling capacity is improved, it is expected the
output currents increases with increasing the total power.

4
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How to obtain more intense beam for highly charged ions?
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Increasing the power of microwave and
decreasing the vacuum pressure together.




NIRS 5. Prospective goal
%AC Goal of research/

/\

How to obtain more intense beam for highly charged ions?

Increasing the power of microwave and
decreasing the vacuum pressure together.

¥




NIRS 5. Prospective goal
@AC Goal of research/

/\

How to obtain more intense beam for highly charged ions?

Increasing the power of microwave and
decreasing the vacuum pressure together.

: 2

It usually causes the plasma instability




NIRS 5. Prospective goal
@AC Goal of research/

/\

How to obtain more intense beam for highly charged ions?

Increasing the power of microwave and
decreasing the vacuum pressure together.

: 2

It usually causes the plasma instability

Apply two frequency
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NIRS 5. Prospective goal
@AC Goal of research/

/\

How to obtain more intense beam for highly charged ions?

Increasing the power of microwave and
decreasing the vacuum pressure together.

: 2

It usually causes the plasma instability

Apply two frequency
to control the anisotropy of the electrons’ velocity distribution
for decreasing the plasma instability

How to adapt or to design a source suitable for 2-f system?
- necessary frequency width, power, feeding, etc...
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HIMAC Charged particle radiotherapy worldwidg /

>
Marburg Heidelberg /
(2009-) _
s H_F_,-a-"’--.ﬂ':_‘::.- ]
S | See, Muramatsu’s WEBOOZ
= = =5
. ) S | MH pr-_ o 3 I|
Y o NS ;ﬂ,l* ”Chiba (1994- ) =
- ‘:5- oe '::;3' Hyog 2005 ) ‘e O ‘.‘
5 ﬂ%ﬁq—l {,J == d __.@O .\§\
B AT < Gunma (2010-) s
A W & Saga (2013 ) “‘1 —
“ﬁj‘;‘?}" Lo Kanagawa (2015-) "“;-F' "h'"m?
= X I_-_-Q-,l Sy -H_K II.'
'-.”/fh- AL =S o
. -\\___,-" 4;:7 I'I'//,_'.':x
Lanzhou e Heavy ion L
Clinical research has been carried out at Shanqhai e Proton
the physics institute. (2014- ) o



5. Prospective goal

NIRS

C#* injector requires g/m = 1/3 ions

Improvement of Intensities with qu=1l3\/
/\

Technique Charge state of Ar ions
Frequency | Afterglow | 11+ | 12+ | 13+ | 14+ 16+
Single No apply 130 | 50 21 - -
Two No apply 200 116 | 42 15 -
Two Apply 300 | 242 | 118 | 47 | 2.3

» Two-frequency heating technique gives a potential to apply various

types of ions for basic life science studies even at a hospital-
specified carbon-ion radiotherapy facility.




Summary
1. Previous conclusion with “close 2f”

¥ An additional microwave with a different frequency improves the
plasma stability at greater microwave power.

¥ The output current of the highly charged ion beam is proportional
to the total power of both microwaves.

¥ The dependence on the additional frequency showed fine
structure. This structure depended on the parameters (magnetic
field, vacuum pressure, and so on).

2. Present result of “far 2f” and comparison with “close 2f”

¥ The tendencies of the observed phenomena in the “far 2f”
experiment are very similar to the “close 2f" experiments.

3. Desired output

¥ It's expected to apply for basic life science studies at a hospital-
specified carbon-ion radiotherapy facility



with his wife and Prof. Hirao at once INS.

e - 1

[

Prof. Masayuki Sekiguchi - |
(2 7Aug . 1 9 3 8 -2 Ap . 2 01 6) with young colleagues at NIRS-HEC





<<
  /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


