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The Intense Pulsed Neutron Source – an era ends, another begins…



Exciting new science from APS published recently

How muscle works 
under stress
Cover article: Cell, 131(4), 784 (2007)

Lodestone holds surprises 
under high pressure

AIDS virus vulnerability

DNA guides 
nanoparticle 
assembly
Cover article: Nature 451, 553 
(2008)
Reprinted by permission from Macmillan 
Publishers Ltd, copyright 2008



APS research addresses key environmental problems

Cu

As Fe

PbZn
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How do cattails clean up As at a superfund site?
Blute, N. K.  et al. (2004) Environ. Sci. & Technol. 38, 6074 -7.  
GSECARS

Caged metal ions in solution
Wilson et al., Inorg. Chem. 46, 2368 (2007)



APS research illuminates extreme conditions 
as a foundry for new materials

High-pressure science
Planetary science
In situ science, e.g., surface/interface
HPSynC

75 papers in Nature, Science, PRL, and PNAS 
from APS high-pressure science in 2003-2007



The effect of different exercise regimens on bone – S. Stock, NWU 2-BM

Advanced x-ray imaging reveals hierarchical structure

Magnetic instability regions in patterned structures, 
Han et al., Phys. Rev. Lett. 98, 147202 (2007)

Big bugs, Socha et al.,
PNAS 104, 13198, (2007)

Dislocation walls are lumpy,
Levine et al., Nat. Mater. 5, 619 (2006)
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APS refereed publications

151 papers in Cell, Nature, Science, PNAS, PRL in 2006

60% of 2007 APS journal papers had impact factor >3.5 (c.f., 53% in 2001) 



Deposits in Protein Data Bank (synchrotron light sources)

Source: http://biosync.rcsb.org/BiosyncStat.htmlCalendar year

N
o.

 o
f D

ep
os

its

0

200

400

600

800

1000

1200

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

ALS
APS
CHESS
NSLS
SSRL
ESRF
SP-8

APS

ESRF

17 APS beamlines dedicated to protein crystallography



APS user population

By employment

By interest

By institution
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Our growing unique user population isn’t static – 
many first time users come each year
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Key

Operated jointly (APS, CNM)

CAT sectors

CDT sector
Transitioning to XOR sector
Current XOR sectors
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XOR/UNI 34

XOR/UNI 33

XOR 8

IEX-CDT (29)

FY ’08: 54 operating beamlines
30 operated by APS (XOR)

XOR = X-Ray 
Operations and Research
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New capabilities and beamlines



Some examples of machine innovation in last few years…

a. Improved beam stability

b. Local beta functions

c. Single-bunch charge increased by ~2 times to 16 mA

Pays off for a dedicated 
imaging sector (32-ID)

L. Young et al., “X-Ray Microprobe of Orbital Alignment in Strong-Field Ionized 
Atoms,” Phys. Rev. Lett 97, 083601 (2006).

…driven by x-ray science

Conceptual model of the quasi-column parallel 
CCD x-ray detector (XSD-BTS collaboration with 
LBNL – XSD-BTS lead: J. Weizeorick)

d. Improved detectors



Major source innovations

R&D for short-pulse x-rays (see satellite workshop Friday)

Delivering the undulator system for the
world’s first x-ray laser at LCLS



Integrated safety management – key to what we do



But we must always strive to improve: 
Disturbing near-miss electrical incident while “swapping out” 
a cryopump control unit on an APS CAT sector

Person on beamline staff planned to swap out unit – no electrical work 
should have been required – found unidentified 2nd power source to 
relays - went ahead to do unauthorized electrical work to remove wires –
assumed 24V – found 208V after disconnecting wires with a screwdriver

Among the lessons learned…
Don’t make assumptions – ask questions and stop when work goes 
outside scope
Electrical equipment inspections will provide a further barrier
– specific equipment already being addressed



Reliability is outstanding… 
The last run (2008-01) had a record MTBF of >130 hours

Five and a half days is long enough
– for Australia to beat England in a Cricket Test Match
– or to sail the Atlantic in an ocean liner

But clouds 
are on 
the horizon…



Components (on accelerator and beamlines) 
are becoming obsolete

An rf coupler to the booster failed this winter and led to a 40-hour 
downtime – this component had never failed in 11 years of operation

We plan for obsolescence, but our
resources to cope with it are inadequate

Take nothing for granted – e.g., water brought down the
Roman Empire (Gibbons)

352-MHz, 1.3-MW Klystron

Thales TH 2089



Recent review by DOE expressed praise and concerns

Positive feedback (consistent with the UC reviews of 2007)
– World-class accelerator performance, R&D
– Scientific output of APS excellent and growing
– Excellent staff on beamline and accelerator/engineering side
– CAT->XOR transitions going well 

• challenges include limited resources and damaged partnerships
Recommendations
– Develop a five-year plan, with users, for essential needs 

re: accelerator and beamlines
– Reduce workload on beamline scientists and accelerator staff, leaving 

more time for research. Until budget increases, this requires reducing 
scope.

– Develop a bottoms-up budget exercise within APS
– Increase engagement of the SAC in strategic planning

Issue - need to improve internal and user communications
and strengthen user involvement in strategic planning



“A pessimist sees the difficulty in every opportunity; an 
optimist sees the opportunity in every difficulty” 

– Winston Churchill
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Functional analysis of APS DOE operating budget and staffing
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Planning for the worst

We cannot continue to defer essential maintenance 
of beamlines and accelerator (only 4% went
to capital improvements the last 3 years)

If we do not see a funding increase in FY 2009
– We would need to reduce our staffing by ~10%
– We would not plan to reduce the number of beamline staff or key 

accelerator/engineering expertise
• We must reduce the scope of beamline operations 

to ensure adequate user support
• We must reduce operating hours to save 

on maintenance effort costs

Scenario planning is occurring now

But our users are working to advocate for our increased budget needs…

Mosely





Science drives the economy, but it takes a while!



Where APS should make societal and economic impact…

Sustainable energyCuring cancer

“I’ve got the whole world in my hands”



Through today’s research…

Starving cancer of blood

Lightweight, efficient autos

Nanomagnetic memory

Green 
machines



Where is APS science impact growing most rapidly?
Protein crystallography
Science under extreme conditions
Biological applications of imaging
Nanoscience
Catalysis
…..

The future will be



Components of the developing APS 2020 strategic plan
The APS 2020 plan is a high-priority component of the ANL 2020 Plan, recently 
submitted to DOE, that (among other things) describes the Laboratory’s major activities 
over the next decade and beyond. 

The APS 2020 plan aims to revolutionize the scientific impact of APS and
has several components:

– APS renewal plan - a 5-year science-driven investment plan that will focus on beamlines, optics, 
detectors, and source improvements (includes new beamline proposals)

– R&D for major upgrade - a plan that focused on the R&D required for a major facility upgrade 
that will build on the renewal plan that will take SR sources to the next level

– Facility upgrade - a project that, once defined and approved by funding agencies, would keep the 
synchrotron radiation facilities at ANL at the state of the art to 2020 and beyond.

2008 2010 2012 2014 2016 2018 2020 2022

Renewal plan

R&D for major upgrade

Facility upgrade

"All that is human must retrograde if it does not advance.“ 
Edward Gibbon, The History of the Decline and Fall of the Roman Empire



The future for high-energy machines 
such as APS, ESRF, and SPring-8  is secure 
even with growing beamports at “3½-generation” sources nearby

They will be uniquely suited for applications needing ~15 keV or higher

Each facility is planning for upgrade and renewal



Long-term accelerator upgrades for APS? ERL is one option…

We are doing R&D supported by laboratory LDRD, 
and have submitted an R&D proposal to DOE



Among other options to consider: X-ray Laser-Oscillator (XFEL-O)?
K.J. Kim and Y. Shvydko, PRL in press

Menu of options to be explored with users at October 20-21 retreat



Ab initio user involvement is key for strategic planning – 
together I believe we can make a compelling case for renewal based on 
the science impact

Science-driven plan for improvements to beamlines and accelerator needed
Oct 20-21st workshop (NIU) will prioritize 5-year plan and consider path 
towards future upgrades to APS
Scientific advisory committee will attend workshop and advise on priorities



The renewal of APS
With our users we must craft a compelling 5-year plan for investments 
which will increase dramatically the impact of APS in important scientific 
areas

Denny Mills will describe the process that we are proposing to use to put 
this plan together with ab initio user involvement

The final product at the end of this year will be a document that lays out a 
prioritized 5-year plan focusing on a few key scientific themes

On the next slides are some examples
– the challenge to the APS community is to work together 
to identify these key themes and tailor our proposed capabilities 
to address them



Five Grand Challenges for Science and the 
Imagination – how APS makes an impact

From the BESAC draft report on “Controlling Matter and Energy: Five 
Challenges for Science and the Imagination,” Fleming and Ratner (9/2007)

How do we control materials and processes at the level of electrons?
– e.g., imaging spins at interfaces (XMCD)

How do we design and perfect atom- and energy-efficient synthesis of new 
forms of matter with tailored properties?

– e.g., catalysis (NEXAFS), photosynthesis (time resolved)
How do remarkable properties of matter emerge from complex correlations 
of atomic and electronic constituents and how can we control these 
properties?

– Colossal magnetoresistance, quantum phase transitions
Can we master energy and information on the nanoscale to create new 
technologies with capabilities rivaling those of living systems?

– Self-assembly (SAXS), imaging for hierarchical systems
How do we characterize and control matter away—especially very far away—
from equilibrium?

– In situ studies (surface/interface, extreme conditions), suited to hard X-rays



Key science themes demand APS renewal
Sustainable energy

– That includes environmental science, transportation, solar 
energy, etc. …

New materials forged under extreme conditions
– matter far from equilibrium (BESAC grand challenge)

– geosciences, high-pressure science, in situ studies of material

– growth and processing

Hierarchical structure (multiscale materials?)
– from proteins to organisms

– self-assembly of nanostructures and nanostructured materials

– nano-manufacturing

– materials properties from macro- to meso- to nano-scale

Fighting the scourge of disease
Energy and information on the nanoscale
The next information technology revolution
… Sung Yong Park, Abigail K.R. Lytton-Jean, Byeongdu 

Lee, Steven Weigand, George C. Schatz, and Chad A. 
Mirkin, "DNA-programmable nanoparticle crystallization," 
Nature 451, 553 (2008). DOI: 10.1038/nature06508

Yujie Wang, Xin Liu, Kyoung-Su Im, Wah-Keat 
Lee, Jin Wang, Kamel Fezzaa, David L.S. Hung, 
and James R. Winkelman, “Ultrafast X-ray study 
of dense-liquid-jet flow dynamics using structure- 
tracking velocimetry,” Nat. Phys. (advance 
online publication, 27 January 2008).

Hubertus Giefers, Elizabeth A. Tanis, Sven P. Rudin 
Carl Greeff, Xuezhi Ke, Changfeng Chen, Malcolm F. Nicol, 
Michael Pravica, Walter Pravica, Jiyong Zhao, Ahmet Alatas,
Michael Lerche, Wolfgang Sturhahn, and Ercan Alp, 
“ Phonon Density of States of Metallic Sn at High Pressure, 
” Phys. Rev. Lett. 98, 245502 (2007). DOI: 
10.1103/PhysRevLett.98.245502
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