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MaRIE at LANSCE would leverage existing proton and
neutron capabilities to provide a next-generation,
multi-probe facility.
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MaRIE would provide a transformational facility for
materials research at the mesoscale.

» World’s highest energy x-ray
scattering capability (42-keV XFEL)

» High repetition frequency with
simultaneous charged particle | Area "A”
dynamic imaging e (existing)

» Experimental hutches for g
simultaneous, multi-probe
measurements of in-situ transient
phenomena in relevant dynamic
extremes

» Comprehensive, integrated
resources for materials synthesis
and control, with national security
infrastructure

» Materials discovery, design, and
process capability
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What is the mesoscale?
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Hard X-ray FEL Parameters

LCLS-I SACLA EXFEL PAL XFEL SwissFEL LCLS-II
2016 2016 2017 2019
SRF / NCRF
X-ray energy 12.8 keV 19.5 keV 24.7 keV 20.6 keV 12.4 keV 5/25 keV 42 keV
Pulse energy 0.93 mJ 0.03 mJ Tmd 0.08 mJ 1.4 mJ 0.025/0.3 mJ 0.35mJ
photons/pulse 5E11 1E10 2.5E11 2.5E10 7E11 3E10/7E10 5E10
Undulator 3.0cm 1.8 cm 4.0 cm 2.44 cm 1.5cm 2.6cm 1.86 cm
period K. 2.5 0.94 1.4 0.94 1.1 0.43/1.5 0.86
Electron beam 16.9 GeV 8.5 GeV 17.5 GeV 10 GeV 5.8 GeV 4/15 GeV 12 GeV
energy
Linac type NCRF S- NCRF C-band SRF L-band NCRF S-band  NCRF C-band SRF / NCRF TBD
Linac length band 0.4 km 1.7 km 0.78 km 0.46 km 0.4/1km <1.4 km
1 km
Gun type NCRF S- Pulsed DC NCRF L-band NCRF S-band  NCRF S-band VHF / S-band TBD
Cathode band CeBy Cs,Te photo Cu photo Cu photo Cs,Te/Cu
Cu photo
RF pulse <1us <1us 600 us <1us <1us CW/<1upus TBD
Rep. rate 120 Hz 30 Hz 10 Hz 60 Hz 100 Hz 930 kHz / 120
Hz
# pulses/RF 1-2 1-2 2,700 1-2 1-2 N/A/1-2 TBD
Bunch charge 150 pC 30 pC 250 pC 100 pC 200 pC 20/130 pC 100 pC
Bunch length 43 fs <10 fs 50 fs 43 fs 42 fs 20/33fs 33fs
Norm. slice 0.4 um 0.6 um 0.6 um <0.5 um 0.2 um 0.14/0.48 um 0.2 um
emittance
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Challenging experiments are planned to observe the dynamic
microstructure and phase evolution in materials down to the sub-
granular level while connecting to the macroscale.

Requirements:
Sub-um spatial resolution
100’s — 1000’s-um samples
Sub-ns time resolution,

: Ty ~30 frames in
) Sy o N 1-10-us duration
Nua | :
= The model:

Optical Laser a2 [ b |

Spectroscopy

; ” ST Accurate sub-grain models
-— Boundary levels: 15° Ez'get';:f S L UP-B GeV' of microstructure evolution
100.0 pm = 100 steps  |IPF [010] raton
X-ray Beam coupled to molecular
Laser Particle Imaging .
The Oal Velocimetry and Accelerometry dynamlcs'

Predict dynamic
microstructure and
damage evolution.

Electron
Beam

The first experiment

Multiple, simultaneous dynamic in situ
diagnostics with resolution at the scale of
nucleation sites (<1 um; ps — ns)

Shock Front

MaRIE will allow us to break apart the problem.
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Spatial and temporal resolutions for MaRIE
mesoscale experiments are defined by analysis of
the possible measurement techniques.

Metals
Manufacture Welding and
and Age aware | HE certification and | Turbulent Materials Additive
performance qualification ixi Manufacturing

ST EUEIRCE T <100 nm - 20 ym 100 nm - 20 mm 500 nm <1 um —100 ym
Field of View 100 um - 1 mm 100 ym - 2 mm 1 mm 0.3 mm-1cm
up to 30 up to 30 up to 30 1000 per second

macropulse length 10 psec
sample thickness

Repetition rate <1 Hz <1Hz 10 Hz 10 Hz
m Be - Pu Typically C, H, O, N Noble gases, Ga, Be Be - Pu

spatlal Framlng DenS|ty sample thickness sample sample
pRad <50 um 50 nsec 2% 15cm /0.8 GeV 3cm /0.8 GeV 1cm /0.8 GeV
<1uym  >25nsec 5% 6cm /12GeV  5mm /12GeV  1mm /12 GeV

>10 um/ 8 keV 500 mm/42 KeV 200 mm/42 KeV
X ray <1 um <100 psec 5% 2 cm/ 42 keV 4 mm/122 KeV 2 mm/122 KeV
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The 42-keV photon energy and flux are a trade-off between
maximizing elastic scattering for diffraction, minimizing
absorptive heating, and sample thickness.

Attenuation Coefficients 10" ] i
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1.E-02 . ; . -~ 1 T I [ W - S (S . M. "5
1.E-03 1.E-02 1.E-01 1.E+00 1 10 100 1000
Photon Ensrgy (MsV) Photon Energy (keV)
High resolution requires a minimum number of Coherent scattering signal (fraction of incident photons
coherently scattered photons per sub-ps coherently scattered just once) as a function of incident
pulse. This sets the incident number of photon energy for various materials at thicknesses of 1
photons on a sample of ~2x1010. um (dashed lines) and 100 ym (solid lines)

J. L. Barber et al., Phys. Rev. B 89 (2014) 184105
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Multiple probes allows sampling of different temporal and
spatial regimes: 42-keV x-ray photons (red), 12-GeV electrons
(blue), and 0.8-GeV protons (green)

Macropulse <100us

XFEL: 42-126 keV; 300 ps frame f \ pRad: 800 MeV, 5-50 ns
speed, 30 frames, 2x10'° photons |‘~ 1. frame speed, 30 frames,
|

@50 fs/pulse, >0.1um resolution [ 20-30 um resolution

\
eRad: 12 GeV, 25 ns

frame speed, 30 frames,
>1 um resolution, —
2 nC/pulse

Adds significant machine
costs:

- Requires another

injector

s XFEL has sub-ps pulse lengths, sub-ns pulse spacing, sub-
micron resolution, but is limited in sample thickness at 42 keV to <
0.1 mm for high-Z materials

- Impacts XFEL beamline
design

- Increases experimental

hall complexity & cost m eRad has ~10-ps pulse lengths, ~20-ns pulse spacing, <1-um

resolution, penetrate <2 mm high-Z materials

= pRad has 50-ns pulse lengths, 100-ns pulse spacing, >10-um —
resolution, penetrate >1 cm high-Z materials : /
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The MaRIE pulse format needs to be very flexible.

Macropulse separation = (10 Hz)™!

Macropulses

I 100.m8...... 1 I
MMM‘M MM"“""--...
variableup I =69 18 to 700 s (1 ms goal)
= s (1. ms goa
to D macro.. B ) Burst mode operation
continuous [ O O O O I 111 for imaging over short
40.6 MHz duration events
train of
micropulses . 246ns w?t?\ Zu;:cz:;s:f
>ansto246ns 4keVto42keV
»  2x10%° (5 x 10%°goal)
10fsto 100 fs “ n ﬂ photons/micropulse
Use optical split and delay — }\ Phase
to generate sub-ns pulse ITunabIe ' change
separation 0to 2.3 ns

* 700-usec macropulse requires a superconducting

Unperturbed
accelerator

sample
measurement

|

* Variable pulse format will require a room-
temperature “droop corrector”

+ Assuming 0.2 nC/pulse as the main eRad option

density

[}
Beginning
of void
formation
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Performance Parameters derived from the measurements
quantify the accelerator/XFEL requirements.

Electron Beam Requirements Photon Requirements
# of bunch
Energy 12 GeV A [ 10 to 100 Energy 4 to 42 KeV
macropulse
Linac
RMS sli
fundamental 1.3 GHz siice energy <0.015% # per bunch 5x1010
spread
frequency
Macropulse to % Transverse
Li . <0. o, (4 0
inac type Superconducting macropu_lsc_a energy <0.02% coherence 70%
variation
. Pulse energy
SC L-band cavity 31.5 MV/m variation within a <0.01% Pulse length <100 fs
gradient
macropulse
Ma)_(lmum 2.0 degrees, max. @ Min. bur.1ch 23ns Bandwidth 5x10-4
beamline angle 12 GeV separation
Maximum
macropulse 1ms Dropped bunch rate 1x103 Divergence <1 prad
duration
Electron source Photoinjector N?rmallz.ed ms < 0.2 micron Polarization linear
slice emittance
Maximum bunch 0.2nC Ma?u.mum 10 Hz Tuneability 1%/ms
charge repetition rate
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Performance Parameters derived from the measurements
quantify the accelerator/XFEL requirements.

250 MeV 1 GeV 12 GeV
lg"l A Q'A_A“T‘” H ﬂ -r— E
Gun L1 BC1 Undulator

T T

Eectonbeamenersy __[fr |17 [V _
[ S R -
Bnchehae @ [0 [pc

Slice normalized emittance _m
Slice energy spread 0.015% -

Penkunduatorpaamater K (1|
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An XFEL pre-conceptual reference design that meets the
MaRIE performance requirements has been developed.

1.3-GHz ILC cryomodules

| :J‘gc%r BAABAABA BBBABABAEABA EARARAARAARANABAARAARAARARA .

| \
|

BC L3- CU1 L3- CO2 L3- CO3 L3 CO4 Droop

300 fs corrector beam swﬂchyard
12 f w/ dechirpers
250 MeV 1 GeV 4.1 GeV 7.2 GeV 10.4 GeV 12 GeV
XFEL L1

Gun ({1 H o} 9-cavity ILC cryomodule, “A’-type

T T T 3.9-/[;Hz 8-cavity ILC cryomodule, with quad / corrector / BPM,
Long-pulsad 1.3-GHz Long-pulsa& 1.3-GHz ‘ B"-type
10-ps 1.3-GHz

[ |1.3- GHz cavities | 3.9- GHz cavities A
1 (X.FEL)

i :
78 9
360 0 g
460 27 e
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MaRIE pre-conceptual reference design is based on
current technology.

Accelerating cavities and cryomodules a e
based on 1.3-GHz ILC and DESY XFEL  ™"=** 12834mm  HOMcoupler
designs ~ -

FLASH 3.9-GHz cryomodules to linearize
the beam phase space

Undulator design based on SwissFEL U15

Symbol Value

Undulator period A, 18.6 mm

Undulator magnetic field Bg 07T

rms (peak) undulator parameter Kne (Koe) | 0.86 (1.22)

FEL resonance wavelength Ag 0.2934 A

FEL (Pierce) parameter P 0.0005

Calculated 3D gain length L 26m

Calculated 3D saturated power Pg 9GW F Lw H Cryo

FEL pulse energy at saturation W, 0.3mJ & Cav‘ﬂy
e Courtesy of T. Schmidt UNCLASSIFIED
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The MaRIE XFEL injector pre-conceptual design
incorporates several innovations to meet performance
requirements.

— .| Photoinjector
, —[ - ]—[ oz M—/_\—» (denticalto PIT2)
20 7

Photoinjector (PI)
1.3-GHz, normal conducting.

Long pulse (100 us) operation, 60 MV/m
gradient at cathode. —

Cryomodules 1 & 2 (CM1 & CM2) The MaRIE photoinjector design is based on the PITZ
1.3-GHz superconducting photoinjector with a modified solenoid configuration.

Capture beam from PI, accelerate and

introduce energy slew for BC1. /
Cryomodules 3 & 4 (CM3 & CM4) E/&\O“

3.9-GHz superconducting. Ly L \
Linearize beam energy slew for BC1.

quadrupoles

Bunch compressor 1 (BC1) Double reversed-chicane helps reduce time-

~ 20x compression at ~ 250 MeV. dependent dispersion from CSR wake.
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Pre-conceptual design assumes 100 pC because we
need a small emittance and small energy spread.

Time-Independent GENESIS Simulation Results

1.210"
12
10" ——— 0
g — \ T 3 0.3 microns /
g 8 10” = M‘\N\ é / /
= T 26
§ E?' 4 / /
g_ 610" - 2 /
S
g 410" 0 ' ' ‘
emit=0.1 10 12 14 16 18 20
z emit=0.15 \\ GeV
210% | emit=0.2 R . ; i
- We can gain photons by going to higher
0 - electron beam energy
0 0.00766% 0.01022% 0.01533% 0.02044% 0.02555%
. Photon requirements: 5x101° 42-keV photons
ST 0.02% bandwidth
Beam parameters: 100 p?, 30 fsec, 3.4 kA 150-m tunnel contingency to go to 15 GeV in
0.015% energy spread the future; worth ~2x photons.
0.20 um emittance

We have contingency in emittance, energy spread, and tunnel length.
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Significant technical challenges remain to meet the
MaRIE performance goals.

« Microbunch Instability — dominant challenge; made harder because of our
tight energy-spread limit; suppression ideas include laser heater to pre-
compress bunch, use residual dispersion (LBNL), “microbunch” the beam
and eliminate BC2 (e-SASE)

 CSR - novel bunch compressor design; propose demo at BNL

« Wakefields — important for MaRIE XFEL, not important for other XFELS;
long-range wakefields may limit the bunch spacing due to poor compressor
or induced energy spread; propose measurement at FNAL

« Emittance — we need the brightest electron injector ever; plans for injector
test facility at LANL

» Distributed Seeding — new concept; propose demo at SLAC

* Droop Corrector — short Cu linac (3 m) to compensate during shortest
macropulse lengths; needed due to variable pulse format

« Dechirper — old concept; relatively low risk; propose demo at BNL
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MaRIE Status

* Project presently in the pre-conceptual planning phase.

» We have a pre-conceptual accelerator/XFEL reference design
appropriate for this phase of the project that meets the requirements.

» Cost & Schedule estimates are based largely on current technology
(supported by several cost and project reviews in 2015).

* Following US Dept. of Energy, National Nuclear Security Agency
(NNSA) guidance regarding submission of a large construction
project, including DOE Order 413.3B requirements and process.

» Several workshops held this past year on MaRIE experiments and
accelerator/XFEL design and requirements.

« External requirements review this week with other NNSA Labs.

* Beginning to initiate discussions with potential partner labs (and
others).
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Thank you for your attention!

UNCLASSIFIED

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA




<<
  /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


