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There is a need for an X-ray
Optics-Free FEL Oscillators

While SASE (Self-Amplified Spontaneous Emission) FELs
demonstrated the capability of providing very high gain and
short pulses of radiation and scalability to the X-ray range, the
spectra of SASE FELs remains rather wide (~0.5%-1%)
compared with typical short wavelengths FEL-oscillators (0.01% -
0.0003% in OK-4 FEL).

Absence of good optics in VUV and X-ray ranges makes
traditional oscillator schemes with very high average and peak
spectral brightness either very complex or, strictly speaking,
impossible

PAC'11, New York, March 29, 2011



Il AR
. : WT422
Basic ideas and feedback requirements

1. The information in the form of the energy modulation imprinted into
the feed-back beam is preserved after the pass from the OFFELO exit
to its entrance.

The electrons MUST stay correlated at the scale of FEL wavelength:
581‘1”"}1 — C(Texn‘ - T?’npur) < KFEL

2. The spectral density of the power generated by the feedback e-beam is
significantly larger than that of the spontaneous radiation from the

amplifier-beam.

Feedback

c, P >>P Ps=cpP]l——

fb out 1

When

For G,;(0)-c, >1

The system oscillates

The coherent input
from the feedback will P. ()
saturate the gain of —
the main FEL and 2
suppress SASE noise. ‘
uppre noise Psr‘(m)

Ponr = (}HG (Pom') ) (Cﬂ) ) Pour’ + ])SI’ )

Amplifier
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The simplest schema of optics free FELO #1

Modulated e-beam
Photons

Modulato

High Gain FEL

Wi

Al

Used  Fresh
e-beam e-beam
*  For low energy beam (and rather long wavelength) the same beam can be used in feed
back system and in High Gain FEL.

- It is conceivable to modulate the beam using a short wiggler, turn it around, and to
amplify the modulation and the resulting optical power in a high gain amplifier

Table 2
One of the example: HG Ring FEL Suggested by N.A. Vinokuroy 2t ine FEL parameters
in1995 , Nucl. Instr. and Meth. A 375 (1996) 264 Boetey (300 s
Then |n 2004 Relative energy spread (%) 0.05
. . . . . Normalized rms emittance (um) 5
High-gain ring FEL as a master oscillator for X-ray generation Undulator period (m) 0.03
Undulator deflection parameter (K) 2
. . Radiation wavelength (A) 500
Nikolay A. Vinokurov*, Oleg A. Shevchenko Undulator section length (m) 12
. . Undulator first and last section length (m) 5
Nuclear Instruments and Methods in Physics Research A 528 (2004) 491-496 Bend angle (deg) 60
. Bend length (m) 10
,/ Bend [7, ds 3.1
Bend f}'), ds 6.22
Fig 1. Scheme of the ing FEL. Distance between first and last undulator ends (m) 2
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Turn around feed back lattice requirements!® -~

‘5 fturn | — KFEL-;
5Srum — 5Srum (6E ) + 5Smm( )_I_ 5SH() (5E (C,') + 5 andom >

1. Energy spread and compaction fac’rors

o e OF OF oF . .
ofsm_n(aE)_L-{R_ (E] R, [E] + R (5] +} -> second order isochronous system

= Ry, (0.L)] = 107 |Reyy (0.2)] < 107 | Ry (0-Z) < 1. is heeded

2. Emittance effects:
Linear term comes from symplectic conditions: zeroing both matrix elements

R16 and R26 (n=0 and n'=0) automatically zero R51 and R52
It is not a problem to make the turn achromatic.

It is a bit more complicated o make the condition energy independent.
An elegant solution - sextupoles combined with quadrupoles with K,=K;/2n:
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Turn around lattice, based on isochronous cell lattice

ey ¥ omn ¥ o i The isochronous cell with tune advance 0.95 and
] I 0.525 in horizontal and vertical planes
correspondingly.

Similar lattices that is used for eRHIC or
LeHC design (talk this morning TUOAN3)

D (m)
N T The sextupoles are installed in the middle of
quadruples
O_I ' T T T '—1 2 2 2
0 2 4 6 8 10 12 14 ()(x 9y 9‘xy9]7 ):0
path length (m)

0

Solution is a second order achromat (N cell with phase advance 2xM, M/N is not
integer, etc.) with second order geometrical aberration cancellation

*This scheme is similar to that proposed by Zolotarev and Zholetz. (PRE 71, 1993, p. 4146) for
optical cooling beam-line and tested using COSY INFINITY. It is also implemented for the ring
FEL: A.N. Matveenko et al. / Proceedings 2004 FEL Conference, 629-632

PAC'11, New York, March 29, 2011



Synchrotron radiation

Turning around strongly modulated high energy beam does not work.

Why? Synchrotron radiation quantum fluctuation will smooth out micro-
bunching structure of the beam.

Energy of the radiated quanta  &.[ke}) ]= 0.665 - B[T] -Ef[GeV]

Number of radiated quanta per turn N, =27ay=89.7- E[Gel/]

Radiation is random -> the path time will vary
The lattice should be designed to minimize the random effects

R.(s.L) 1s the longtudinal dispersion from azimuth s to L

) 2 F
Rdié ',L ——"7L
= (Ru(s.D)) < T
For Ay ~ 14 =—= KR; (8.L)<2.2510° e [Gel Y8 '[7]

Solution to reduce the synchrotron radiation fluctuation effects => low
energy beam and low bending field for feed back loop
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Fresh 10 GeV scale e-beam

X-ray FEL fed by a high-energy, 10 GeV scale, CW ERL.

Use lower energy e-beam with very low charge (few pC), peak current (few A) and
emittance (¢,~10 nm) for the feed-back

The feed-back-beam is energy-modulated and carries-on the modulation to the
entrance of the FEL
The energy modulation is transferred into the density modulation only at radiator
there the beam radiates coherently.
This radiation is further amplified in the HGFEL, which completes the close loop of the
oscillator.

Loop is closed

Low energy beam is much easy to turn around but how low one can go?
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Parameters used for simulations 7L
Low energy beam is much easy to turn around but how low one can go?

Feed back electrons has to be E—) Modulator period scaled

synchronized with FEL wave length with Energy and K
Parameters High energy beam Low energy beam
Electron energy (GeV) 13.6 1
Energy deviation dE/E le-4 le-5
Peak current (A) 3000 15
Normalized emittance (mm-mrad) 1.5 0.015
Undulator period [mm)] 30 0.636*
Undulator Length [m] 60
Number of undulator period 120/800
Undulator parameter K 2.616 0.1
Radiation wavelength [nm] 1.66 1.66
Average beta function (FEL) [m] 18
R56 of the feed back transport 0

* The micro-wigglers are used as temporary tool, which will be replaced by interaction
with high harmonics of a high-K wiggler with next stage of simulation
PAC'11, New York, March 29, 2011



Output power [W]

X-ray OFFELO Simulation results AL

Genesis 2.0 in combination with additional homegrown program used to simulate the
processes in the OFFELO. *

1e+10

1e+10

T T T T
T T T T i 1 i =
Power output saturation Power growth in oscillator, gain length =5.22m  +

1e+09 | 1e+09 |

1e+08 1e+08

Power [W]

1e+07 16407

1e+06

1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50 1e+°60
lteration
z[m]

The curve shows the SySTem sa’rura’reg at Power in main oscillator in #40 iterations.
1.36W because of the nonlinear bunching. 3-D Gain length 5.22m

I I I I I
10 20 30 40 50 60

* More about these results see: Y.Hao and V.N.Litvinenko, Proc. of FEL'2010
conference, August 2010, Malmo, Sweden, p. 554



Power Spectrum

X-ray OFFELO Time Dependent Results * o
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Wavelength [nm] Wavelength [nm]
. . . ..'.h . .
After the first iteration After the 10™ iteration
FWHM 2e-3 FWHM 3e-4

The preliminary results of the evolution of the OFFELO radiation from the SASE (on the
pass #1) with broad-band spectrum to a more typical oscillator like (on the path #10). In
tem passes the spectral purity of radiation (i.e. spectral brightness) grew 20-fold.

* More about these results see: Y.Hao and V.N.Litvinenko, Proc. of FEL'2010
conference, August 2010, Malmo, Sweden, p. 554
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Alternative Feed-back scheme #3 ™. 7AL

(the most complete so far)

Use beam with necessary energy for effective energy
modulation (i.e. use of a typical wiggler)

Decelerate the feed-back beam to much lower energy (/ets
say ~100 MeV) where synchrotron radiation is mitigated

Turn the beam around, accelerate it to radiate in the
radiator, decelerate it and dump it

Low energy pass

source
UL

ERL i e Photon otfons
(LA High Gain FEL A
Radiator Modulator

Fresh e-beam Used e-beam
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Optics Free FEL based on R&D ERL fitted in accelerator cavdhﬂjr; XL

OFFELO loop  eBeam

Optics functions in
isochronous loop for

OFFELO
-}gg‘r.
T SRF Gun eBeam
L H
ot 198 m SRF Linac
o . o, AL LT
m” HH||||.“I | \H L1 L m I M Iu'||||u‘u ] (PARMELA simulation)
sochronous bend 20 Mev Charge per bunch, nC 0.7 14 5
_ 30. Win32 ‘ver.vion‘8.51/1‘5 ‘ ‘ 04/Q7/07 1{,43,29 10.
5 B~ B Do DS 5 Numbers of passes 1 1 1
< 254 R e ) [~
o (N N e 0.0 Energy maximum/injection, MeV 20/2.5 20/2.5 20/3.0
o T T
s --10. { Bunch rep-rate, MHz 700 350 9.383
A S ; Average current, mA 500 500 50
A i . % | Injected/ejected beam power, MW 1.0 10 0.15
. ‘ : — ‘ ‘ A1 30,
00 2. 4 68 0. 12 ”'S(nff' Normalized emittances ex/ey, mm*mrad 1.4/1.4 22/2.3 48/5.3
de/ poc = 0.
Table name = TW El’ler‘gy Spr‘ead, dE/E 3.5X10'3 5X10_3 1X10_2
Bunch length, ps 18 21 31
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FEL simulation results for OFFELO at BNL R&D ERL  I® JJ
GENISIS simulations *

~

15

0.5

5 cm undulators period and 0.7 nC electron beam at rep.
frequency 9.38 MHz the GENESIS simulation gives:
wavelength 29 microns, peak power 2 MW and average
power 400 W. For full current mode operation rep. rate
703.75 MHz we obtain 30 kW far infrared in CW mode.

The central wavelength 29um and FWHM 0.35%.

30300 S0
Pass Peak power reaches 2 MW
) 50
| |
. Close to the Fourier 40
/ limited spectrum 1
30
/ £
D
/ = 20
=
. \ |
s 100 15 20 25 30 o i /-
28 28.5 29 29.5 30

Optical pulse

*) Presented at FEL2007

Spectrum
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eRHIC based FEL

Electrons
Up to 30 GeV

Electron: 5 Gev to 20 GeV upgradable to T e D
30 GeV 0 i

multi-pass ERL: 2 x 200 m SRF linac
maximum 4.9 GeV per pass

Top E f .
op LACIEY 0 Available Energy for
the ERL FEL | T/ RHIC: 325 GeV p
(collision energy) NE SrdzRicev/nAl
5 GeV 2.55,2.96, 3.37,3.78, 4.18, 4.59, 5.00
10 GeV 3.47,4.28,5.10,5.92, 6.73, 7.55, 8.37, 9.18,
10.00
2.75, 3.98, 5.20, 6.43, 7.65, 8.88, 10.10,
15 GeV 11.33, 12.55, 13.78, 15.00
20 GeV 3.67,5.30, 6.93, 8.57,10.20, 11.83, 13.47,
15.10
More about eRHIC design:
today morning talk TUOANZ

and eRHIC uses for FEL application:
Thursday poster THPOO7



Conclusions

FEL oscillator without optics seems to be scientifically feasible

We tested some of the key assumptions of OFFELO concept in
direct 3D-FEL simulations and observed the behavior consistent with
our theoretical models.

For different wave length different scheme of OFFELO can be
considered. From the simplest for soft X-ray to more sophisticated
one for the hard X-ray

The concept is very promising and we plan to continue more detailed
and more realistic simulation of such system.

R&D is required to check very important technical details

A long few pC bunch with few A peak current with en ~ 0.01 ym rad
is needed.

The simulation supports the theory - needs an experiment
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The last remark

« The free electrons - are the pure media which does
not care about the wavelength and the intensity of
radiation, the heat stress, the absorption, the losses,
the reflectivity and by the way do not need
“conditioning”

* But it needs “only" delicate preparation and proper
transport system design.

Thank youl

PAC'11, New York, March 29, 2011



	Optics-Free X-ray FEL Oscillator
	Slide Number 2
	Basic ideas and feedback requirements
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	X-ray OFFELO Simulation results 
	X-ray OFFELO Time Dependent Results *
	Slide Number 12
	Optics Free FEL based on  R&D ERL fitted in accelerator cave in BLDG 912 at BNL
	FEL simulation results for OFFELO at BNL R&D ERL�GENISIS simulations *
	eRHIC based FEL
	Slide Number 16
	Slide Number 17


<<

  /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 false

  /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



