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Before I begin, just a moment 
of reflection and a couple of 
stories
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Thanks to my family, friends, and my 
accelerator family, including the IEEE
Thanks to my mother Gail, my recently-deceased father Emil, 
my husband Stephen, our son Sebastian, my extended family, 
the accelerator community family, and many friends for years 
of rallying and support for science, engineering, and me.

Thanks especially to the IEEE for recognizing my efforts and 
inspiring me to keep rallying for science and engineering as 
well as giving me and many other unlimited technical and 
leadership opportunities. (For example, 2018 IEEE President 
Jim Jefferies will visit UNM on 26 September to meet with 
students and members from around New Mexico – Please join 
us!)
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Taking inspiration from a former boss
 When my former boss, Lee Teng, had to give a talk for the APS 

Wilson Prize, he got up to the podium and said “You suggested 
a title for me and I decided, since I am the prize winner, to talk 
about what I want.” He told all of us about his journey through 
particle accelerators including the many friends and science he 
found along the way. It was lovely.

 So I suppose this inspired me to talk about what I want to talk 
about - why accelerators mean so much to all of us and to 
society AND why we should communicate to more people
in society about them

 I will come back to Lee in a minute…
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Accelerator people are sciency and techie
people

 Accelerator expertise demands a mix of talents 
unlike any other field – vacuum science, 
mathematics, physics, materials science, 
chemistry, controls, mechanical engineering, 
electrical engineering, systems engineering, 
computing, etc.

 We are people who use their unique and 
diverse skills sets to do truly exceptional 
actions
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My own diverse background
 I also have training and research experience outside of accelerators, physics and 

electrical engineering – as I was also trained in chemistry, biology and mathematics.
 This diverse background, I believe, gives me a unique perspective on bridging to the 

accelerator applications which I dreamt about early on (and continue to dream 
about).

 The full utilization of this diverse background in my career was also greatly 
encouraged by several of my colleagues and/or mentors, including Professor Ingolf
Lindau, Professor Mikael Eriksson, Professor Börje Larsson (1931–1998), and 
Professor Porter Johnson.

 Larsson together with Sven Kullander, wrote two popular scientific books, including 
one in 1994 entitled Out of Sight—from Quarks to Living Cells - which should sum 
up his interest in encouraging and inspiring multi-disciplinary investigations.

(See obituary - Professor Börje Larsson, 1931–1998: A Multidisciplinary Scientist Acta Oncologica Vol. 38, No. 3, 
pp. 389–390, 1999.)
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Example
Soil contamination with explosives after 
WWII

 After WWII, many weapons were disassembled at 
places such as the Joliet Army Arsenal and the 
Burlington Iowa Ammunition Plant and distributed in the 
soils in large fields.

 In the early 1990s as an Argonne employee, with 
research supported by the Army, I participated on all 
kinds of measurements, including plant uptake studies 
of the explosives and tried to come up with ways of 
getting these contaminants out of the soil.

 How I dreamed of a day when we could perhaps use 
powerful particle beams to treat the soil layers to 
cause, for instance, radiation induced heating.

S. Biedron and W. Triebold at the 
Burlington, Iowa Ammunition Plant, 
1993 – Photo courtesy John 
Schneider (Argonne)

B. Lee, M. Lee, “Decomposition of 2,4,6-Trinitrotoluene (TNT) by Gamma Irradiation,” Environ. Sci. Technol., 2005, 39 (23), pp 9278–9285. 
K. Holbert, “Thermal Initiation of Explosive Materials Using Photon-Based Active Interrogation Methods,” LANL – 0574 UR.
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Example
Process control of chemicals in the the U.S. fabric 
industry

 Several DOE labs were involved in the AMTEX 
Textile Alliance in the early 1990s.

 Through research funded at Argonne through this 
Alliance, I was involved with research involving the 
measurements of chemicals used in the textile 
fabrication process, specifically in the finishing 
process, to help with controlling unnecessary 
exposure of employees to harmful chemicals as 
well as help them better have better control their 
process engineering.

 The analytical process was tedious and we had to 
retreat each time to a mobile lab external to the 
factory to perform the air analysis.

 How I dreamed of a day when we could do 
stand-off, real-time detection of the 
contaminants in the air.

Photographer Christopher Payne 
Shines a Light on the Hidden World of 
America's Textile Industry 
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Examples

 And my list could go on and on here
 Chemical speciation with synchrotron light 

sources for developing remediation schemes 
for mixed waste streams
 XRF for metal detection in soils
 Bulk analysis of composite aircraft parts
 Etc.
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And with my diverse background

 When I worked for Lee Teng in the mid to late 
90s, because of my diverse background and 
maybe because he was seeing tightening 
budgets and fewer high risk high payoff projects 
that he was used to, he used to say almost 
every day “Why don’t you quit accelerators and 
do some thing interesting like BLANK.”

 Where blank was anything but 
ACCELERATORS.

 Good thing I did not always listen to him I 
suppose.  Lee and Nancy Teng and I at the 

Fermilab 50th in 2017
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Accelerators have a real purpose and a real
impact 
(and there is STILL much R&D to do for the 
next machines)



T H E  U N I V E R S I T Y  O F  N E W  M E X I C O

Us sciency and techie people
• We are really different than most as we like to build things that are game changing, needed and 

useful. 
• I don’t think any of us would like to build a mobile phone for instance. We don’t like routine and 

we are multi-disciplinary.
• We like to be on teams that have our own victory (i.e. delivering first beam) and being part of the 

greater victory (helping others do their discoveries and jobs).

VS

Accelerators are game changing On phones you can change games
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Example Big Science
Long-Baseline Neutrino Facility/ Deep Underground Neutrino Experiment 
(LBNF/DUNE)

The LBNF/DUNE project will be the first internationally conceived, constructed, and operated 
mega-science project hosted by the Department of Energy in the United States.

Slide courtesy of  Tim Meyer, Fermilab
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Example Big Science
Long-Baseline Neutrino Facility/ Deep Underground Neutrino Experiment 
(LBNF/DUNE)The Basic Program…4 defining features
• A 1.2 MW (2.4 MW phase 2) wide-band neutrino beam 
• Detector deep underground (1.5 km) 70kt liquid argon 
• A long baseline (1300 km)
• Liquid Argon is next generation neutrino detector technology ….a lot more development needed  to perfect

Slide courtesy of 
Tim Meyer, Fermilab
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Example Environmental Applications

I’m getting my wish!

See for example, R. Kephart, B. Chase, I. Gonin, A. Grassellino, 
S. Kazakov, T. Khabiboulline, S. Nagaitsev, R. Pasquinelli, S. 
Posen, O. Pronitchev, A. Romanenko, V. Yakovlev (Fermi 
National Accelerator Laboratory), S. Biedron, S. Milton, N. 
Sipahi (Colorado State University), and S. Chattopadhyay and P. 
Piot (Northern Illinois University), 2015, “SRF, Compact 
Accelerators for Industry & Society,” In: Proceedings of 
SRF2015, www.JACoW.org, paper FRBA03, 1467-1473. 
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Example Security and Other Stand Off  
Applications

Container Inspection at Busan port (2002)

Container Inspection at Incheon port (2003)
Varian and Symmetry Byung-Ho Choi

Steve Korbly, Passport Systems
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S.G. Biedron, J.W. Lewellen, S.V. Milton et al.,  2007, 
“Compact, High-Power Electron Beam Based Terahertz 
Sources,” Proceedings of the IEEE 95(8), 1666-1678. 

I got my wish! 
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Example Security Applications
More research and development ongoing – From 2016 Department of Homeland 
Security – Domestic Nuclear Detection Office Call for Proposals



T H E  U N I V E R S I T Y  O F  N E W  M E X I C O

Examples Defense

Courtesy Don Seeley and Nancy Wilson
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Example Defense

 March 2018 - “Directed energy is more than 
just big lasers,” said Michael Griffin 
Undersecretary for Defense for Science and 
Engineering. “That’s important. High-powered 
microwave approaches can affect an 
electronics kill. The same with the neutral 
particle beam systems we explored briefly in 
the 1990s” for use in space-based anti-missile 
systems. Such weapons can be “useful in a 
variety of environments” and have the 
“advantage of being non-attributable,” meaning 
that it can be hard to pin an attack with a particle 
weapon on any particular culprit since it leaves 
no evidence behind of who or even what did the 
damage.
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Example Humanity

Slide courtesy of
Vito Mocella

Revealing letters 
in rolled 
Herculaneum 
papyri by X-ray 
phase-contrast 
imaging

Nature 
Communications 
volume 6, Article 
number: 5895 
(2015)
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Example Industry

Biedron/Infodelity™ discussions with DuPont
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Example Medicine
Companion Animal Radiotherapy at CSU

- CSU Animal Cancer Center is #1 in the world
- Leads in general cancer care (surgery, chemotherapy)
- Leads in radiation oncology, and houses a top program in radiology

Courtesy Jac Nickoloff
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Example Medicine
Advantages of Large vs Small Animal Cancer Models 
• Naturally occurring tumors
• Functional immune systems (combined immuno-radiotherapy)
• Similar treatment responses in large animals and humans
• Superior tumor imaging
• Superior model for surgery, chemo- and radiotherapy
• Dogs 85% genetically identical to humans
• Breeds offer unique genetic tools
• Tissue biopsies can be performed more frequently 

“It’s not just about doing more research…it’s about doing better research”
Dr. Andrew Thorburn

Univ of Colorado Cancer Center

Institute of Medicine Workshop (2015)  
“Role of Clinical Studies for Pets with Naturally Occurring

Tumors in Translational Research”
PBS Special:  The Answer to Cancer May Be Walking Beside Us

Courtesy Jac Nickoloff
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These Vets and the Cancer researchers would like 
to see a He and Carbon facility in the U.S. for 
similar research with companion animals with 
spontaneous occurring cancers.

“Dead cells don’t mutate!” – Jac’s favorite line

Courtesy Jac Nickoloff
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Example Medicine

 The video you are about to see speaks for 
itself

 https://drive.google.com/file/d/0BzwnSZnaqj
RZWUQ4V1BVcFcyeUU/view

 Video courtesy of Fermilab
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Conclusions
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What’s next

 Like I said earlier, we are different than most as we 
like to build things that are game changing, needed 
and useful.

 This means we are continually adding to our long list 
of specialized skills.

 So what’s next?
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What’s next? 

 AI
 More reliance on high-performance 

computing
 Materials
 Etc. 
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What’s next? Example 
Plasma-based advanced colliders need extreme 
computing

Courtesy of Jean-Luc Vay - LBL

Need to simulate ensembles of chains of tens of stages for collider design:
but simulating 1 stage now takes days in 3-D.

 Development of new 
code WarpX as part of DOE 
Exascale Project 
Applications

Code to include 
advanced algorithms 
such as boosted frame, 
adaptive mesh 
refinement, …

First WarpX simulation 
of laser-driven plasma 
accelerator with mesh 

refinement patch around 
accelerated beam. 

Simulation performed 
on NERSC
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What’s next? Example – Computing for AI
Argonne Leadership Computing Facility (ALCF)

 Our team already has access to THETA at 
ALCF for highly-parallelized simulations, AI-
based model development, and control of 
large machines and sub-systems.

 Supported by the U.S. Department of Energy’s 
(DOE) Office of Science, Advanced Scientific 
Computing Research (ASCR) program, the 
ALCF is one of two DOE Leadership Computing 
Facilities in the nation dedicated to open science. 

 ALCF is a DOE Office of Science User Facility 
that helps accelerate the pace of discovery and 
innovation by providing supercomputing 
resources that are 10 to 100 times more powerful 
than systems typically used for scientific 
research. 

 The use of computing centers will only continue 
to  increase for applications of and to particle 
accelerators

Slide content courtesy of B. Cerny and M. Papka, ALCF Argonne
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What’s next? Example
Accelerators as Intelligent Systems

 I’ve been fortunate enough to work on all sorts of controls, including those for laser and particle 
accelerator systems, general aviation aircraft for security applications, for a directed energy 
demonstrator for a weapons system and since 2002 I’ve been interested in intelligent control. Why? 
We need to make machines better so we needed AI as a tool. Since 2004 we have worked to 
demonstrate intelligent techniques as applied to accelerators!
 Learned neutral network models (from simulation or measurements) to speed up computational time and 

increase accuracy to real system. The models can be updated with additional measured/collected data. Have 
found better than codes/models based on first principles only.

 Model Predictive Control (Prediction + Planning)
 Model and Policy Learning
 Image Processing

See reference slides and talk by 
colleague Auralee Edelen earlier today

THIS IS ONLY GOING TO BE MORE A PART OF OUR FIELD
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Closing thoughts

 We are people who use their unique and diverse 
skills sets to do truly exceptional actions. 

 We care deeply about the end-uses of our 
machines and peripherals.

 Maybe a little challenge for 2018 and every year 
thereafter - If I had one wish for the community 
is that if we could each reach out to just a few 
more partners and/or users every year, we 
could help the planet, our knowledge, the lives 
of humans (even animals and plants!), etc… 
even more.
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Questions?

Thanks community for your attention, ongoing 
collaboration, support, and ENDLESS opportunities!

biedron@unm.edu

sgbiedron@elementaero.com



T H E  U N I V E R S I T Y  O F  N E W  M E X I C O

References 1
-E. Meier, S.G. Biedron, G. LeBlanc, M.J. Morgan, 2011, “Development of a Novel Optimization Tool for Electron Linacs Inspired by Artificial 
Intelligence Techniques in Video Games,” Nuclear Instruments and Methods in Physics Research Section A 632, 1-6.
- E. Meier, S.G. Biedron, et al. , 2009, “Electron Beam Energy and Bunch Length Feed Forward Control Studies Using an Artificial Neural Network 
at the Linac Coherent Light Source,” Nuclear Instruments and Methods in Physics Research Section A 610, 629-635.
- E. Meier, M. Morgan, S.G. Biedron, G. LeBlanc, J. Wu, 2009, “Development of a Combined Feed Forward-Feedback System for an Electron 
Linac,” Nuclear Instruments and Methods in Physics Research Section A 609, 79-88.
- E. Meier, S.G. Biedron, G. LeBlanc, M.J. Morgan, 2010, “Artificial Intelligence Systems for Electron Beam Parameters Optimisation at the 
Australian Synchrotron,” In: Proceedings of the 2010 International Particle Accelerator Conference, www.JACoW.org, paper TUPEC025, 1770-
1772.
- E. Meier, S.G. Biedron, G. LeBlanc, M.J. Morgan, J. Wu, 2009, “Electron Beam Energy Stabilization Using a Neural Network Hybrid Controller at 
the Australian Synchrotron Linac,” In: Proceedings of the 2009 Particle Accelerator Conference, www.JACoW.org, paper TU5RFP050, 1201-1203.
- E. Meier, S.G. Biedron, G. LeBlanc, M.J. Morgan, J. Wu, 2009, “Electron Beam Energy Stabilisation Test Results Using a Neural Network Hybrid 
Controller at the Australian Synchrotron and LINAC Coherent Light Source Projects,” In: Proceedings of the 2009 Free Electron Laser 
Conference, 766-771.
- A. Morin, S.G. Biedron, S.V. Milton, et al , 2014, “Trajectory Response Studies at the Thomas Jefferson National Accelerator Facility Energy 
Recovery Linac and Free Electron Laser,” In: Proceedings of the Sixteenth Annual Directed Energy Symposium, 10-14 March 2014, Huntsville, 
Alabama, Directed Energy Professional Society.
- A. Morin, C. Tennant, S. Biedron, D. Douglas, S. Milton, 2012, “Control Systems Development for the Thomas Jefferson National Accelerator 
Facility Free Electron Laser: Preliminary Results for Trajectory Response Data,” In: Proceedings of the Fifteenth Annual Directed Energy 
Symposium, 26-30 November 2012, Albuquerque, New Mexico,. Directed Energy Professional Society.
- S.G. Biedron, A.L. Edelen, S.V. Milton, “Advanced controls for light sources,” in Advances in Laboratory-based X-Ray Sources, Optics, and 
Applications V, Ali M. Khounsary, Gert E. van Dorssen (eds.), Proc. SPIE 996404(2016).
- A.L. Edelen, S.G. Biedron, B.E. Chase, D. Edstrom, S.V. Milton, P. Stabile, 2016, “Neural Networks for Modeling and Control of Particle 
Accelerators,” IEEE Transactions on Nuclear Science 63(2), 878-897. (Invited paper)



T H E  U N I V E R S I T Y  O F  N E W  M E X I C O

References 2
- J.P. Edelen, D. Bowring, B.E. Chase, and J. Steimel (FNAL), A.L. Edelen, S.G. Biedron, and S.V. Milton (CSU), 2017, “First Principles 
Modeling of RFQ Cooling Systems and Resonant Frequency Responses for Fermilab’s PIP-II Injector Test,” IEEE Transactions on 
Nuclear Science, vol. 64, no.2, pp. 800-808.
- A. Edelen, S. Biedron, J.P. Edelen, S.V. Milton, P.J.M van der Slot, “Using A Neural Network Control Policy For FEL Tuning: An 
Exploratory Simulation Study With a THz FEL,” Proceedings of the 2017 Free-Electron Laser Conference, to be published. (JACOW).
- A. Edelen, S. Biedron, S. Milton, D. Bowring, B.E. Chase, J. Edelen, J. Steimel, “Resonant Frequncy Control fo the PIP-II Injector Test,” 
In: Proceedings of NA-PAC2016, MOPOB17.
- A. Edelen, S. Biedron, “First Steps Toward Incoprorating Image Based Diagnostics into Particle Accelerator Control Systems Using 
Convolutional Neural Networks,” In: Proceedings of NA-PAC2016, TUPOA51.
- D. Bowring, B. Chase, J. Czajkowski, J. Edelen, D. Nicklaus, J. Steimel, T. Zuchnik, Fermilab, A. Edelen, S. Biedron, S. Milton, 2016, 
“Resonance Control for Fermlab’s PXIE RFQ,” In: Proceedings of the 2016 International Particle Accelerator 
Conference, www.JACoW.org, paper MOPMW026, 447-450.
- A.L. Edelen, S.G. Biedron, S.V. Milton, D. Bowring, B.E. Chase, J.P. Edelen, J. Steimel, 2016, “Neural Network Model of the PXIE RFQ 
Cooling System and Resonant Frequency Response,” In: Proceedings of the 2016 International Particle Accelerator 
Conference, www.JACoW.org, paper MOPWI028, 4131-4133.
- S. Biedron, A. Edelen, S. Milton, 2016, “Advanced Controls for RF and Directed Energy Systems - This Ain’t Your Father’s Control 
System,” In: Proceedings of the Directed Energy Professional Society’s Annual Directed Energy Symposium, 7-11 March 2016, 
Albuquerque, New Mexico. 
- S. Biedron, A. Edelen, and S. Milton, 2016, “Advanced Controls for Accelerators,” In: High-Brightness Sources and Light-Driven 
Interactions, Proceedings of the Compact (EUV & X-ray) Light Sources Conference, OSA technical Digest (online), Optical Society of 
America, paper EM9A.3.
- A.L. Edelen, S.G. Biedron, S.V. Milton, B.E. Chase, D.J. Crawford, N. Eddy, D. Edstrom Jr., E.R. Harms, J. Ruan, J.K. Santucci, P. 
Stabile, 2015, “Initial Experimental Results of a Machine Learning-Based Temperature Control System for an RF Gun,” In: Proceedings



<<
  /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


