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Switching magnet for beam
destination to the MR

S Beam transportline from
N RCS to the MLF (3-NBT)
- ANRERN

) ’3,3.;““:::;? - xtraction
gi‘f / Extraction séi:t\iwg?i‘"m% - cam du
Injection [|/F ' N
beam dump N %,
(4 kW) - ~ [to MLF
& |Secondary collimators
\s S ) i \ \ Beam transport
Transverse primary collimator \ Y line from RCS to

Primary stripper foil (1st foil)
Injection section

‘ Longitudinal primary
§ 2 collimator
AN

RF cgvit‘ié

Beam transpz;rtline fro}Tm
H beam Linac to the RCS (L-3BT)

Layout of J-PARC 3-GeV Rapid Cycling
Synchrotron (RCS)

® Multi-turn H™ stripping injection.

® Injection Energy: 400 MeV

® Extraction Energy: 3 GeV

® Repetition: 25 Hz

e Beam power (design): IMW
—> Successfully demonstrated
in the beam studies!

P.K. Saha

Mid-term plan for beam power
upgrade: 1.5 MW

Two big reasons:

(1 RCS beam sharing to the MLF and MR.
When MR runs at 1s cycle (~2018), RCS beam
sharing to MLLF becomes: (25-4)/25 = 0.84
RCS equivalent beam power to the MLF
should be 1.0/0.84 = 1.2 MW/!

@) Also planning for a second neutron
production target station at MLF.

® Feasible scenario:
Peak current: 50 2 60 mA
Injection pulse: 0.5 2 0.6ms

Stripper foil lifetime may be the most
concerning issue!

HB2016 4
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An alternate H™ stripping method other than using stripper foil.
—> Laser stripping of H™ holds the promise of eliminating
limitation and issues involved of using stripper foil.

B May be hard to maintain stable and longer foil lifetime for
1 MW routine operation at J-PARC RCS.

B Foil may not survive at 1.5 MW beam power.

M Foil scattering beam loss and the resulting high residual
radiation at the injection area is already a serious concern for
hardware maintenance even at lower beam power.

Y Additional collimators had to placed in the downstream of stripper foil.
Y New design of the injection chicane magnets to install radiation
shielding surrounding the foil are in progress.

P.K. Saha HB2016



Experience of stripper foil behaviors at

the SNS and

S. Cousineau (HB2014)

2014 SNS foil: 3 monthsin 1 — 1.4 MW beam
Before

——

Foil hit at 1 MW operation (estimation)

To Poeam Beam €_painting
(MW) | sharing(%) | (x mm mrad)
1 84 200 10

MLF

MR 1 16 50 70

Normalized avg. foil hit: ~20 but
instantaneous foil heat for MR cycle is extremely high!

If the total charge limit on foil is 5000 C (based on latest opr.

- Foil lifetime at 1 MW: 8 days!

P.K. Saha HB2016

J-PARC: 0.3 MW operation
Avg. foil hit: 10

o
~

=)
>

= Unstripped H™ increased

0 3000 6000 9000 12000 15000
Total charge on the foil [C]

i 035 Ftwice more.

% 0.3

k]

Eoast

S

5 0.2 |
c Waste beam dump
g 05T = capacity: 4 KW

T 0.1
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Energy deposition and foil temperature

Accelerator Foil thickness | Avg. | Energy Depo. | W, (DE/tinj)
GeV [Lug/cm?] foil hit (dE) [J] [Watts-peak]
276

J-PARCRCS 04 0.2598

SNS-AR 1 | 300 6 0.0712 71

W cak @nd foil temperature (T):

W oo T4 If stripper foil limits the beam
peak power to 1.5 MW at the SNS,

Wpear (RCS) / Wpeak(SNS) = 4 it is then may be 1 MW in

T (RCS) = 1.4 x T (SNS)? J-PARCRCSH!

P.K. Saha HB2016 7



Residual radiation at the RCS

injection area

M. Yoshimoto : : N
‘ , U‘ ... RUN46 (181MeV inj.) 300kW, 7h /{“ beam duinp
‘ ... RUN56 (400MeV inj,) 300kW, 5h

1%t stripping foil ... RUN61 (400MeV inj.) 400kW, 5h

1.4mSv/h
4mSvih r
4000 4 LmSvh /e N\ (4 5msvi .
TSV

il A BN P s

S (0) === 35mvh | (3)

14000 l 40000 6000 goo0 4000 2000 0 20007MSVE) oo gugg
4000

=2000

RCS ring collimators

Residual radiation near the stripper foil is as high as 15 mSv/h
on contact, 4 hours after 0.4 MW routine operation!

P.K. Saha HB2016



Review of our earlier study for laser assisted

at 400 MeV

L e 1 100
2 é‘ = 80 }
L ‘ z ! /\ ’ 053; g 6o |
¥ ’ [ : ! = 0 0 oL HL--
L z w 5 4| /Peak power: 1 MW
b @t l-osa 2 ..
\ : >BE g ripping eff.: 909
. o Interaction . , 1B L E f Stripping eff.: 90%
point I B [P S —
-04-03-02-0.1 0 0.1 02 0.3 04 0 02 04 06 08 1 12
Step 1: Step 2: Step 3: Z (m) Laser peak power (MW)
Lorentz stripping Excitation by Laser Lorentz stripping 60
H > H+e HO+y > H* (n23) HY” S p+e 10
Magnetic field issues: 20 |
@ /n the practical application, the E 0
magnets should have larger radius. =

. @ For 400 MeV H-, hard to realize

over 2 T magnetic field.
. . . -60 ! ! ! !
A. Aleksandrov, HB2014 @ Circulating beam size after 60 40 20 0 20 40 €0
For SNS 1 GeV H- injection is quite large! x [mm]
Magnetic field 1.2T r~6 cm! J-PARC RCS: 400 MeV injection for 1 MW.
Inner radius: 15 mm Beam distribution at the end of injection.

( Simulation: TP: none, LP: full )
P.K. Saha HB2016 9



Principle of H- stripping by only lasers

at J-PARC

Isao Yamane, Hiroyuki Harada, Saha Pranab and Shinichi Kato lonization *
PASJ, Vol. 13, 2016, 1-11 (in Japanese) =E \—-Jhﬁ
Nd: YAG Laser Nd: YAG Laser et =08
A=1064 nm A=1064 nm n=2 1340
HO S HO* AE=12.1eV |
€~ < : 2R 90° i AE=he/hg
®-r----f-)--ot-@-1-- PP A= 102 nm T
Step 2:
Step 1: . T
P . Excitation of HO Stoep 3: G“““““““}
THY 2 horyshor(neg)  HOrYORPrE

Energy levels for the hydrogzen amm

Eoh Laser Doppler effect of the 400
(eV) | (nm) deg nm MeV H™ beam:

H-—> H® 1.67 1064 Nd:YAG B=0.713, y=1.426
HOSHO* 121 193 63 102 Excimer (Arf) 7 to{l+Bcosoy

HO*>p 167 1064 90 743 ND:YAG

10



Photodetachment, Photoionization cross sections

| and the corresponding laser power

L. M. BRANSCOMB, “Physics of the One-And-Two-Electron Atoms”,
Edited by F. Bopp and H. Kleinpoppen, North-Holland, (1968)

L. M.BRANSCOMB
800NM a0 =seos2pmii
"= £.7 G160 iam™
1 T

4E-E NN NI NN NN NN EEEEEE NN NS EE NN NN NS EEEEEEEEEEEEE [T T [ri‘ll LN R R B e R . . .

rF 17 o2 E svomic nuroen prosfonzater 1 Photoionization
CrF4X10™em® /7 Photodetachment o e ey 1 o 5
Ta H- > HO ' o // 1; 4 P
?9 : E-.:ﬁ:z,. - 7‘!7/{5/// - EG: 1'8 X 10-17 sz
s : S v vy I 1/
743 nm 4

i :7E : E

WAVELENGTH X ( 1000 &) —== B 7
E,,=1.67 eV @ 743 nm N
Saturation density ®° in PRF o Joe
E o 'lllLlL Lol

®s = (E,,/0) = 6.7 X 103 J/cm? R T TN
r(H") = Imm, t(H™)=30 psec E(laser) =1.3 mJ

T,(collision) = 10 psec, 1,(laser) = 40 psec

E(laser) = (®5/7y) X (wr?) X (1,/7T:) - 33 MW
=0.6 mJ 2> 15 MW

HB2016 11



Excitation of H’ (n=3)

Laser peak power for H? excitation:

—-'S. Danilov, PRST-AB 6, 053501 (2003) For 400 MeV H—:
Plear = In(1/8)A2e c2xm sinoA/2u2,_, Y(1+Bcosa)? » Ppeak = X2 of SNS
Where, 6= ratio of unexcited and excited atoms. =2 MW!

P, = 50 X 107" 5 X 40.25 X 10° Hz X 0.06

Laser peak power (1MW) Choice of the laser for the POP experiment:
- S. Danilov, PRST-AB 10, 053501 (2007) -- Excimer laser by GAM LASER INC.

By utilizing dispersion derivative. http://www.gamlaser.com/EX350laser.htm

D’ =— (B + Cosa)/Sina = —2.55

e o . EX350A ArF Excimer laser specifications:
90‘””j“““'f"_““-“"“’"’ “““ ) A =193 nm, Pulse length = 20 ns (6= 8ns)

Energy (max): 150 m)J
P >7.5MW

pea

I

S. Danilov et al.,

PRST-AB 10, 053501 (2007)
t(laser): 6ns

Stripping efficiency (%)

8 8 858 g8 B8 3 8

Alternate option: 51" harmonic Nd:YAG laser beam.
UV light power could be dropped to 1/10 IR light but
recently high power lasers are commercially available.

Lase‘r beam pesa\k power (BMW)]_O § |\/|V\/|2
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Table of required laser parameter in many labs
Courtesy: David E Johnson, FNAL
J-PARC parameters added (Pranab)

Typical Laser System Requirements (preliminary)

FNAL H- beam laser
Parameter / Facility SNS LS CERNLS FNALLS J-PARC Notching Chopper Diagnostics
Current /
Time Frame/status R&D Future Future Future Current/R&D Conceptual Current
H- beam energy 1 GeV 4 GeV 8 GeV 400 MeV 750 KeV Few MeV varies
1 um
Wavelength 355 nm 1 um 2 um <230 nm 1 um 1 um typically 1 um
162.5 MHz
Micropulse Frequency 402.5 MHz 352 MHz 162.5 MHz 324 201.25 MHz 325 MHz few hundred MHz
fs (longitudinal)
Micropulse duration “50 ps 90 ps “30 ps “50ps 1.5 ns 1-2ns ns (transverse)
“300 uJ(IR) 400 uJ
Micropulse energy 50 ud (UV) 450 ud 80 uJ 50ud (UV) 2md 260 uJ 10’s ud to 10's mJ
5.5 MW
Micropulse Peak power 1 MW 5 MW 1.1 MW 1MW 1.3 MW 210 kW 1-10 MW
Burst Frequency (rep rate) 60 Hz 1 Hz 10 Hz 25 Hz 458 kHz “CW 10’s Hz to MHz
Macropulse width 1 ms 2.4 ms 43 ms 0.5ms 60 ns NA NA
120 J (IR) 7250 J
Macropulse energy 20 J (UV) 300 J “50J 8.3J (UV) 27 mJ NA NA
7.2 kW (IR) 65 kW 0.21 kW 42 kW @162 kHz
Macropulse (average) power 1.2 kW (UV) 10 kW 13 kW (Uv) 11 kW 84 kW@325kHz 10 Wto 1 kW

We are planning for a proof-of-principle demonstration!

P.K. Saha

HB2016

13




g

Setup and schedule for the POP

.”!;'-H?HE :
experiment
90-deg. beam
dump (")
100-deg. beam |  RCS injection (H") Nd: YAG Laser | | Excimer laser | -35€r Peam stopper
dump (p) . *
H- H° H%(n=3 p
| (n=3) ,
IP for the POP
experiment mirro>\ //mirror

Setup for the POP experiment

foo eV I f Tentative schedule:
| October, 2017

We can simultaneously measure all three
charge fractions in three separated beam
lines in the downstream of IP.

PK. Saha HB2016 14
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1. Nd: YAG 1064 nm, 5-9 ns (FWHM), 600 m)J

-- Under repair
Purpose: 15t (H- = H°) and 3" (H°* < p) conversions.

2. TEF-P of ADS facility. Using for H= = HO
Nd: YAG 1064 nm, 5-9 ns (FWHM), 1.6 )

Test experiment for 3 MeV H just carried out last week .

H- = H?at the exit of test RFQ. (S. Meigo, H. Takei..)
- Has to be tested at 400 MeV

Our purpose: H® = H%* by using 5" harmonic beam

YAG Laser
b s QF QD
H"™ . Neutralized beam due to interaction by residual gas = TEFT

H" :Neutralized beam due to interaction by laser

We also plan to buy an excimer laser
to use for the H° excitation.

P.K. Saha HB2016

Awvailable lasers for the POP experiment

J-PARC ADS facility beamlines
Shin-ichiro Meigo
J. of Nucl. Mat. 450, (2014) 8-15

TEF-T RCS
49 od VS

Pb-Bif

e

TEF-P

105

[orev———— |

i
| =]

vertical elevation

. ®

% . S,

15



30 mA (operation)
| 5 mA (case study)

- Bunch length
| (Simulation)
| T. Maruta

0 50 100 150 200 250
Distance in Linac, S (m)

unit]

_Disperéion function
(Simulation)
(K. Okabe

150 200 250
Distance from ACS entrance, S (m)

100

P.K. Saha

324 MHz BPM signal [Arb.

Scenario:
@ TEP-P Nd:YAG laser (1.6)) for the 1t and 3™ steps.
@ Excimer (EX350A) ArF laser (150mJ) for HO = HO*

Expect 90% overlap efficiency for at least
1 micro pulse (30 psec) of the H- beam.

There are 324 MHz BPMs, FCTs and SCTs downstream
of the IP. We can measure each 324 MHz pulse.

Exc

puls

mer

20ns

A typical 324 MHz BPM

electrode signal.
| The H™ beam signal will be

/\
|
|

\ / reduced in the laser pulse
overlapping region.

p

69(?Se'Laser stripping

laser strlpplng

_ V

The stripping H™ in the L3BT
goes to the 100 deg. dump.

0

5

10

15 20 25
Time [ns]

HB2016
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35 40
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H. Harada Answer: Laser storage ring, originally
——laser output proposed by I|. Yamane.

.\@ . i | monitor We have started detail R&D studies.
<8 (ﬁc& amplifier; !
AR i
&/ =
— waist
: : Lens seed laser
Splitter mirror
= - (transmission: ~1%) 100mJ, 100psec, 25Hz
2 —
IRERSTN ¥ 1} '
( % 5 Ppeak =10 MW! )
? 6_ P iy g i
amplifier g 3 Loss per cycle : 5% |
/b\ N S ® w/o amp
{?\ — /‘Q@b < 2 \ ® W/ amp
S : ]
O‘ 00 \‘0&@.\6 00_ — 5|O — 1E|JO — 15|O — 200

L

May be the most difficult part for practical application!! 17
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TEF-P progress
Photodetachment of 3 MeV H~ (first data)

Courtesy: S. Meigo, H. Takei..

IS TestRFQ Successfully demonstrated single

i electron stripping of H™ for
H +y=Ho+e Tl F several micro pulses!

Nd: YAG laser: 0.8 J, 20 ns I

ek {F < —_ H A0m 5004 A00m* 2000 A 00ns! £ E =10
H- reduction due ! !

-165.650mY -8.62500% Bgﬁje\/ 277500 1659 9us Stop

laser stripping i Mess 3B

I BRMY 11Deg ./-\ Pk-Pk(=):

A
W \/ \/ 55 A4

Pk-Pk(1):

1.0293Y
e — Ph-Ph{h1)
——" 4

F0deqFC K 344.14pvs
7 Pk-P(2):
T{LEET-5CT 19351y
Fregi1)
=
o Mo edges
23° dump FC | ’ \ .
3

H beam

MERT—GTN1
[ MEBT-SCTO

Weasure Current Mean Min [GEES Std ey
FEHE Ph-P(): Esddmy | GAB95mY  G70mv  B189mv  G.45TmY
(' LT 500“’;&7@ — R Ph-PkiZ): 10293V 98B.36mY  BB1Omv 10753V 5101FmY
@ iE e e HE % Ph-PR{W1]: 344 1dpvs  357.200Vs 22 2pvs 394 1dpvs  14.2250vs
R Pk-PK() 1931y | 18676y 1.TIEEY 2197V TEAITmY

e 225 200m — | TTEn R T Freg(1) Moedges  330.40MHz  (3328MHz - 3440MHz  7.919BMHz
< i i ' ¥ : [mk points ][ J EA! 72

. s Measurement Statistics Menu
WE” i A= (o 2865 2016 Diplay O R Relati Max C |
i iR 7r7 16:26:36 & isplay On et elative @ ax Count ncrement
Statistics = Statistice
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#_j— Summary and outlook

B We proposed an effective way to realize H™ stripping to protons

by using only laser system.

B We have also planned for a proof-of-principle demonstration for
400 MeV H~ at J-PARC RCS.

Bl At least a single micro pulse of 30 psec is expected to stripped

with 90% efficiency.
B Laser storage ring could be the ultimate solution to cover the

whole injection period.
© First successful trial of H- Photodetachment by laser is a

very good sign for us.

Acknowledgement

It’s our opportunity to acknowledge many of our J-PARC colleagues for support and
encouragement on the present work and our future plan.

K. Hasegawa, K. Yamamoto, K. Kikuchi, K. Suganuma, N. Hayashi, H. Hotchi,

M. Yoshimoto, K. Okabe, J. Kamiya, Y. Miura, T. Maruta, Y. Liu, S. Meigo, H. Takei....
We thank Dr. S. Cousineau, Dr. T. Gorlov and Dr. Y. Liu of SNS for many fruitful
discussions and advices on our present effort. 19




<<
  /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


