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Introduction

Superconducting IDs are the new frontier for IDs but they
also have quite a history.

In the mid-to-late 1970’s, superconducting insertion devices
were being built and used at several places worldwide:

« Stanford University, to demonstrate an FEL
« ACO, France: on a storage ring instead of single-pass
* Novosibirsk: “Siberian snake” installed on VEPP-3

*Novosibirsk, 1986: superconducting undulator on
VEPP-2M to measure polarization of electron / positron
beams
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Introduction, cont.

Then there was a Iull in interest in superconducting IDs.
Rare earth magnets were available.

« Strong magnets

* No cryogenic baggage
Much development work was done to increase the
capabilities of permanent magnet IDs.

Permanent magnet IDs met users’ demands for awhile, but
users kept asking for more — specifically, higher photon
energy and more photons. This prompted a resurgence of
interest in superconducting IDs.
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Wavelength shifters

Development began on wavelength shifters (3-pole wigglers)
The strong center pole gives a high critical energy to the
photon spectrum.
Weaker side poles make the overall electron trajectory
straight.

A number were built;
» 4-Tesla device at ESRF in 1994
- Used for about 5 years; replaced with 3-T PM wiggler
» 6.4-Tesla device built and installed at MAX-Lab, in the
late 1990’s
 Taiwan Light Source built and installed a 6-T, warm-bore,
cryogen-free device in 2002. It serves 3 beamlines.
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Wavelength shifters, cont.

Budker Institute also began making wavelength shifters

Intended light source Max and Operating field, Year
Tesla
Siberia-1 (Moscow) 58 / 45 1985
PLS (Korea) 7.68 / 7.5 1995
LSU-CAMD (USA) 7.55 / 7.0 1998
Spring-8 (Japan) 10.3 / 10.0 2000
BESSY-Il (Germany) 75 / 7.0 2000
BESSY-II (Germany) 75 / 7.0 2001

The technology advanced during this time. The first three
used only liquid cryogens to cool; the last three added
cryocoolers, reducing liquid He use from ~2.5 to ~0.5 liter/hr.

Developments in Superconducting IDs, PAC'11



Superbends

Superconducting devices that enhance photon output don’t
have to be restricted to straight sections.

A standard bending magnet can be replaced with a (shorter)
high-field superconducting magnet.

At the ALS in Berkeley, three of the original bending magnets
(out of a total of 36) were replaced in 2001.
* Original magnets: 1.3 T, 10° bend, 3.1 keV critical

energy
« Replacements: 5T, still 10° bend, 12 keV critical energy

Budker Institute built a 9-Tesla superbend that was installed on
BESSY-2 in 2004. The magnet has four superconducting coill
sections, two Nb;Sn-based and two NbTi-based (one is for
COLrCION )uconcing o5, pac



NbTi vs. Nb,;Sn superconductor

= NbTiand Nb;Sn are well-known and long-used
superconductors.

= More NbTi has been used because it is easier.

= Nb;Sn must be wound in its ‘raw’ state, then reacted
(typically a week at 700° C) to become a
superconductor. It is then extremely brittle.

= |f you can deal with the extra challenge, though, Nb;Sn
has a significantly higher critical current.
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Calculated peak on-axis
field (right) and max field
in the coil (left) as a
function of average
current density in the coil
for pole gaps of 7, 8.5,
and 10 mm.

Superconducting
undulator period is 14.5
mm.

Critical current densities
for NbTi and Nb;Sn
conductor at 4.2 K are
also shown.

The filled triangle on the
8.5 mm curve was
achieved with a NbTi test
winding. The filled
rectangle was achieved
with a Nb;Sn winding.
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Superconducting wigglers

After the MAX-Lab wavelength shifter, time for
a full wiggler

MAX-Wiggler has coils wound around the top
and bottom poles.

NbTi superconductor; coils are immersed in a

liquid He bath. R
Cold-bore vacuum pipe.

Wiggler period 61 mm

Vertical beam stay-clear 10.2 mm

Magnetic aperture 12 mm

Magnetic length 1512 mm

Cryostat length, flange to flange | 2500 mm

Number of poles 49
Peak field 3547
K 21.2
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Two MAX-Wigglers have been
operating successfully for nearly a
decade.



Superconducting wigglers, cont.

The Taiwan Light Source built and installed several wigglers:
= 3.2-T, 6.0-cm period, 32 poles installed in 2004 to serve 3 beamlines.
= Three devices: 3.2-T, 6.0-cm period, 16 poles, wider beam chamber.

And the Budker Institute folks were busy:

Light source Field (T) Period (mm) # of poles Pole gap Year
BESSY-II 7 148 17 19 2002
ELETTRA 3.5 64 49 16.5 2002
CLS 2.1 34 63 13.5 2005
DLS 3.5 60 49 16.5 2006
Siberia-2 7.5 164 21 19 2007
CLS 4.2 48 27 14.5 2007
DLS 4.2 48 49 13.8 2009
LNLS 4.1 60 35 18.4 2009
ALBA 2.1 30 119 12.6 2010
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Superconducting undulators (SCUs)

*The photons produced by wigglers cover a broad range of
energies all at once. It is up to the users’ monochromator to
pick out the desired energy.

*It's a lot of power. Way too much, for a high-energy storage
ring like APS.

Undulators produce photons in narrow bands at the
fundamental and its harmonics, giving lots more photons at
the desired energy for much less power.

*But — the magnetic field quality requirements are greater for
an undulator.

Many labs had or have projects, but a fully-functioning SCU
that meets its specs and that is suitable for a light source that
demands >97% reliability for users is still a work in progress.
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What can you gain from a superconducting ID?

On-Axis Brilliance Tuning Curves for Odd Harmonics
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= Reductions due to magnetic field errors were applied the same to all undulators (estimated from a measured undulator).

= The tuning range for the “Advanced SCU” (ASCU) assumes a factor of two enhancement in the magnetic field compared to
today’s value — 9.0 keV can be reached in the first harmonic instead of 18.6 keV.
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Superconducting undulators at Brookhaven

» At Brookhaven in 1996, an SCU was desired as part of an
FEL at the Accelerator Test Facility.

It was to be built in 3 segments that would be butted end-to-
end to make the total undulator length. Although the field
quality was good within a segment, the junctions were a
problem.

* Later, a vertical test facility was built and instrumented for
testing and measuring SCU magnetic structures.

There were discussions about it becoming part of a possible
collaboration between DOE-funded light sources.

Not just any Hall probe can measure at cryogenic temps.
Some change calibration with every temp cycle.

Developments in Superconducting IDs, PAC'11
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SCUs at ANKA and Karlsruhe Institute of Technology

(KIT)

* A jointly-built device was tested on the Mainz Microtron
MAMI in ~1999.

It had superconducting wires in grooves cut into a core.
Liquid He flowed through the top and bottom cores. The
gap between the cores could be adjusted. Current was
limited to 400 A by the feedthroughs (1400 A to quench).
Results were promising.

« ACCEL was brought in as an industrial partner.

* Proof of principle demonstration at ANKA in 2005. An
SCU with 14-mm period, 100 periods, NbTi conductor was
installed.

Gap adjustable to 16, 12, or 8 mm, or opened to 25 mm
durlng |nject|on and energy ramping of beam.

velopments in Superconducting IDs, PAC'11
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SCUs at ANKA and KIT, cont.

= A thin foil separates the beam vacuum from SCU
iInsulating vacuum.

= The device worked in beam tests at ANKA, but the beam
heat loading is much higher than expected, even at 12
mm gap. Temperature rise of 1K was seen.
The heating limits the performance of the undulator.

= Possible causes of heating:
— Synchrotron radiation from upstream magnets
— Resistive heating from image currents
— lon bombardment
— RF effects
— Electron multipacting
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SCUs at ANKA and KIT, cont.

= Experiments have been done, looking at beam current,
vacuum pressure, gas loading in the vacuum chamber, bunch
lengths and patterns, and coil temperature.

" Electrons striking and depositing energy can heat the
superconductor. They can also cause a pressure increase by
causing desorption of gas from the walls. But the models
don’t match the data.

* The most likely cause is electron multipacting: electrons hit
the wall and create secondary electrons. The secondaries are
accelerated by the unfortunate arrival time of the next bunch,
hit the wall and create more secondaries in a cascading
process.

Developments in Superconducting IDs, PAC'11
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COLDDIAG

Under construction: a diagnostic cold vacuum
chamber measure the beam heat load on a cold
bore in a storage ring. The beam heat load is
needed to specify the cooling power for the
cryodesign of superconducting insertion devices.

ANKA and KIT, in collaboration with

CERN: V. Baglin

LNF: R. Cimino, M. Commisso, B. Spataro
University of Rome ,La sapienza‘: A. Mostacci
DIAMOND: M. Cox, J. Schouten

MAXLAB :Erik Wallén

Max-Planck Institute for Metal Research: R. Weigel,
STFC/DL/ASTeC:J. Clarke, D. Scott

STFC/RAL: T. Bradshaw

University of Manchester: |. Shinton, R. Jones

A first installation at the synchrotron light source DIAMOND is foreseen in June 2011.

slide courtesy of S. Casalbuoni S. Gerstl et al., IPAC10
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COLDDIAG: diagnostics

Possible Beam Heat Load Sources: 1)Synchrotron radiation from upstream bending
magnet, 2) Resistive wall heating, 3) RF effects, 4) Electron and/ or ion bombardment

Temperature [
Sensors . #" Temperature
7 \ § Sensors
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The diagnostics will include measurements of the heat load, the pressure, the gas

composition, and the electron flux of the electrons bombarding the wall.

slide courtesy of S. Casalbuoni S. Gerstl et al., IPAC10
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ANKA / KIT SCUs, cont.

A new industrial partner: Babcock-Noell GmbH.

Building a new SCU, with 15 mm period, 100.5
periods long, NbTi conductor. Cryogen free.

Beam liner thermally isolated from -
superconducting coils and separately cooled. & ,,um \“““"H!!!ln ||" -

W

Measurements of the coil found
some curvature in the yoke, but it
can be mechanically shimmed.
After the mechanical shimming,
phase errors of 3.5 deg are
anticipated (compared to 7.4 deg
initially).

Developments in Superconducting IDs, PAC'11

o photos courtesy of S. Casalbuoni v



SCUs at Taiwan Light Source

= Careful and systematic development work on winding
procedures and evaluation of prototype magnet
structures

= Shimming techniques using trim coils or iron pieces as
shims were investigated. Good agreement was found
between simulation and measurement. It was noted that
shimming without coils was less expensive in heat loss
through current leads and in power supplies.

= Vertical dewar measurement system is used, but there
are challenges in knowing the position of the Hall probe
sensitive area because of thermal contraction.

= Shimming will be needed at the ends of SCUs. We don’t
know yet how much will be needed in the middle.
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SCUs for the ILC -- the HelLiCal collaboration

= The International Linear Collider seeks to use a helical SCU as
part of the positron production system.

= A number of short prototypes were successfully built and
tested at the STFC Rutherford Appleton Laboratory.

= A full-scale 4-m-long superconducting helical undulator was
built.

= Work is underway on a planar SCU for Diamond and possibly
a Nb;Sn design.

Developments in Superconducting IDs, PAC'11
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SCUs at the Argonne Advanced Photon Source (APS)

= Some users at the APS are asking for more photons at higher
energy, so a development program has been underway for
some time.

= |nitial tests with NbTi conductor were successful.

" Testing was also done with Nb3Sn. On the first test, despite
flux jumping that limited the current (the superconducting
filaments were too big), the current reached was still
encouragingly higher than for NbTi.

= Collaborations were established with LBNL and National High
Magnetic Field Lab in Tallahassee to pursue Nb;Sn.

= Each lab independently succeeded in reaching expected
critical current, showing that Nb;Sn conductor is feasible.
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Flux Jumping

= |f there is a change in the magnetic field outside of the
superconductor, it can cause heating.

= This heating can cause the superconductor to quench
(become normal-conducting) at currents well below the
critical current.

= The way around it is to use
superconducting wire with
smaller filaments. ~50 ym or less
IS good.

= Appropriate Nb,;Sn conductor is
now readily available.

Developments in Superconducting IDs, PAC'11
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SCUs at APS, cont.

However, NbsSn is trickier to work with and more prone to
minor oversights that cause it to not work.

The decision was made to use NbTi first. There are many
details to resolve to make an SCU that is compatible with a
ring that expects >97% reliability.

An assembled design was chosen for the core. Period length
IS 16 mm.

Poles are polished separately.
Core is smoothed.
Poles fit into notches in the core.

All surfaces that touch the
superconductor are smooth, to
avoid shorts.

Developments in Superconducting IDs, PAC'11
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SCUs at APS, cont.
= Winding is done at APS

= Epoxy impregnation assistance at the beginning came from
Sasha Makarov & coworkers at FNAL; now it is done at APS.

= Many coils have been wound.

Additional windings at the ends can
serve as correction coils.
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Measurements of latest coil pair

= Magnetic measurements on the latest
coil pair found an rms phase error of

<2°
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Cryostat
Conceptual design done by N. Mezentsev & V. Syrovatin. Details done at APS.
Cryostat He fill/vent Cryocooler
vacuum vessel turret

Cryocooler ,,},.,*, ;
© & - Current leads

Beam
chambe
flange

Cryocooler

Cryostat is 2.06 m long, so will fit in half of the straight section

Developments in Superconducting IDs, PAC'11
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Cryostat structure

Cryostat contains cold mass with support structure, radiation shields, cryocoolers,
and current lead assemblies. Liquid He circulates through the magnet cores via a
thermosiphon. A recondenser (not shown) reliquefies the He.

SC magnet He fill/vent turret

LHe vessel

LHe piping

S 20 K radiation shield

ﬂl‘ 60 K radiation shield

‘)

ﬂ)’ Beam chamber

Beam chamber IF o -~ e 4 VL
thermal link to d)? )
cryocooler
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Thermosiphon

* Liquid He (LHe) moves from the tank into the pipe that leads through
the core.

* It cools the magnetic cores, and some of the liquid vaporizes.

* In the vertical return pipe, the mixture of gas and liquid has less
weight, so there is a pressure differential between the supply and
return legs that drives the circulation.

« If additional driving power is needed, a heater can be added to the
vertical return leg.

Developments in Superconducting IDs, PAC'11
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SCU Magnetic Measurement System - Warm Bore

= Conceptual design is completed, with the help of V. Tsukanov and V. Lev.

= Detailed design is underway, being fleshed out by APS.

=  System capabilities will include Hall probe, long rotating coil and twisted
coil

= Tests of new rotating coil prototypes are being done.

= Behavior & calibration of Hall sensors vs. temperature is being studied.

6529 mm

Guiding 2036 mm

tube *

PassiVe | o e o T A,

i ) " ’ [ 4 I
Rotation holder ‘ /

|1
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~
Long horizca\rfc\al stage stage \ :

1400|mm
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For the future: High-temperature superconductor
(HTS) possibilities

" High-temperature superconductors’ advantage is that the
critical current is very high. Challenges in using it:

— Packaging. Most of the tape conductor is not superconductor,
but support and non-superconducting layers. However,

engineering current densities are approaching being
competitive with NbTi.

— Highest critical current depends on the angle of the
ambient B field. (Parallel to tape plane is better.)

= At the usual cold (~4.5K) temperatures, the high-temp
capability of the HTS provides thermal margin. But, high
thermal margin means slow quench propagation and a
greater risk of developing hot spots that burn out the coil.

Developments in Superconducting IDs, PAC'11
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The End

\ Developments in Superconducting IDs, PAC'11
6_ ?



	Developments in Superconducting Insertion Devices
	Introduction
	Slide Number 3
	Wavelength shifters
	Wavelength shifters, cont.
	Superbends
	NbTi vs. Nb3Sn superconductor
	NbTi  vs Nb3Sn: critical current and undulator field
	Superconducting wigglers
	Superconducting wigglers, cont.
	Superconducting undulators (SCUs)
	What can you gain from a superconducting ID?
	Superconducting undulators at Brookhaven
	SCUs at ANKA and Karlsruhe Institute of Technology (KIT)
	SCUs at ANKA and KIT, cont.
	SCUs at ANKA and KIT, cont.
	COLDDIAG
	COLDDIAG: diagnostics
	ANKA / KIT SCUs, cont.
	SCUs at Taiwan Light Source
	SCUs for the ILC -- the HeLiCal collaboration
	SCUs at the Argonne Advanced Photon Source (APS)
	Flux Jumping
	SCUs at APS, cont.
	SCUs at APS, cont.
	Measurements of latest coil pair
	Slide Number 27
	Slide Number 28
	Slide Number 29
	SCU Magnetic Measurement System – Warm Bore
	For the future: High-temperature superconductor (HTS) possibilities
	The End���


<<

  /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



