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Much in common, but vive la difference!
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New ~3GeV “ 3 % generation” sources are flourishing

Existing or planned x-ray synchrotron light sources




| believe that the future for the big three is secure even
with growing beamports at “ 3% generation” sources
nearby

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




APS in 2008 enters its 12" year of operation

site of future Protein
»% Crystallization facility




Exciting science in 2008 from APS

DNA guides
nanoparticle
Lodestone holds surprises assembly
under high pressure

How muscle works
under stress

AIDS virus vulnerability




APS scientific impact increasing (by the numbers)
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3411 unique users in 2007

Selected high-impact stats
2004 2005 2006

Cell 7 6 14
All Nature 32 37 37
PRL 21 27 37
Science 11 9 20
PNAS 33 44 43

58% journal papers with
impact factor >3.5 (2006)

NSLS ESRF

ALS
459

SP8
362

222 APS

1046

2006 Protein Data Bank deposits




Demographics of APS Users

Other

Materials
Science

Physics

Polymers

Medical Apps.

Academic

Undergraduate Graduate Student
Other

Post Doctoral

Faculty/
Professional Staff/

Reseacher
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User Visits by Fiscal Year
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Beamline map of APS today
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Increasingly optimized XOR beamlines - techniques at the APS — 2003 vs.
2009 (planned)
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Science possible by a highly performing machine

B Over the last three years the average availability has been > 98%
— And the mean time between faults (MTBF) has been over 90 hours
B These are outstanding metrics
— The result of many years of a sustained QA approach to faults
e Combined with a well-built machine!
B Our goal has become 97% availability and 70 hours MTBF

Seven Day Storage Ring Current & Beamline Operation History 12:30:00
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Tue Nov 27 2007 Date and Time Tue Dec 4 2007
M - Beam Available for User Operations - Beam Not Available for User Operations

B We are concerned that our resources have not been adequate to deal
with obsolescence, without which sustaining our goals will be a challenge




Some examples of machine innovation in last three years

2 14

a. Improved beam stability

Temp (deg F)
g £ E &

pays off for a dedicated

b. Local beta functions imaging sector (32ID)

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

X-ray detectors

Laser

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

X-rays

...driven by x-ray science ST

=~ 30-pm laser focus
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Some medium-term accelerator innovations

B Short Pulse X-Ray Project — ps pulses with CW SRF
— Tunable, high rep rate ps pulse source

variable x-ray I .$

chdpper
Scattering - area
pulse length Mono laser Dispersive XAFS

B Responsibility as LCLS partner for
undulators in world’s first x-ray laser




New beamline proposals which emerged from strategic
planning since 2004 (more than a dozen workshops held..)

1. Transition of several multi-purpose to dedicated APS beamlines:
« High-energy (E>50 keV) beamline: 1-1D w
* Imaging beamline: 32-ID W
« Small/wide angle x-ray scattering: 12-ID-B

» Time-resolved picosecond scattering: 7-ID-C (NEW) W

2. Several groups formed partnerships to develop new beamlines:
HP-Sync — a virtual beamline for high-pressure studies w

* Intermediate X-ray Energy Spectroscopy and Scattering

« BioNanoprobe

« Diffraction in High Field

On ~Axis Brilliance {ph/s/mrad fmmd /0. 1%0w)
= = 3

others under development




Software and instrumentation

Software Is a critical
“weak link” In

g g |~ '?Q < BEAMLINE TECHNICAL
accessibility to APS el
rTTE _ - P. FERNANDEZ
AR & | 5% GROUP LEADER
i S
§ ] — F ¥t J. BALDWIN
Argonne ™ S L GADES
Hl. LEE
l T.LUTES
- ¥ T. MADDEN
= i A. MICELI
Argonne Scattering & - DN [
5 u ~—— :
Imaging Institute CaNBERR, [ . s R SPENCE
Sl ) - b J. WEIZEORICK
(ASI) - . .

Raymond Gsbom. james W, Richardson & Gabrietie Long

Co-Principal Investigators:
Christogher Benmare

Detector development supported by ANL
laboratory strategic LDRD in 2007

and ASI? would make this a national asset for x-ray

and neutron grand challenge science (follows on from
NSF funded DANSCE)




Challenges: The crisis created by the 2008 US Congress
Omnibus Funding Bill

120.00

OGPP
— |OAIP

m Capital Equipment
@ Operating

110.00

100.00

90.00

$Million

80.00

70.00

60.00
FY 2002 FY 2003 FY 2004 FY 2005 FY 2006 FY2007 FY2008 FY2008 FY2009
Pres. Pres

Fiscal Year

Particularly discouraging given broad support for physical science increases
All science research in the US faces similar problems, many worse (e.g. HEP)
Funding shortfalls forced sudden closure of IPNS
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Functional analysis of APS DOE operating budget and staffing

Spending by Function
100000
——Beamlinas
Boono MACHINE POWER
—User Support 7.000
—ID's and Front Ends
B0000 6,000
— Accelerator Systems
b
i ——Iinfrastructure % 5000
40000 & Support
——Maching Powear 4,000
—= Direct Allocations
20000 3,000
FY 2002 FY 2003 FY 2004 FY 2005 FY 2006 FY 2007
—=Indirgct Expanse FISCAL YEAR
ﬂ L
2002 2003 2004 2005 2006 2007
Fiscal Year
APS Staffing
500
450
— Bgamlings
3so
ﬁ 00
—
Usar Support
E 250
o ——I0's & Front Ends
: 200
2
o — Acceleralar
100 Systems
80 Infrastruciura
= B i
v 2003 2004 2008 '
Fiscal Year
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Effort ratio as a fraction of total budget for APS divisions

EFFORT TO M&S RATIO

100%
s0% | i
80% -
0% - i
60% 1 S -
50% - | |omes
e mEFFORT
40% - R
0% | i
20% - R
10% | o
0% ‘ ‘ ‘ | | | B

FY 2002 FY 2003 FY 2004 FY 2005 FY 2006 FY 2007 FY 2008 FY 2009
(thru Dec) (flat)

PERCENTAGE

FISCAL YEAR

Some amelioration from external income (~5% annually)




We cannot continue to defer machine and beamline maintenance

B Allocation of resources to accelerator and beamline improvements, repairs:

Beam Stability

Machine Upgrades 6% For 2006,7,8 we have allocated

only $12M capital and accelerator
improvements (4% ops).
Obsolescence § Normal capital budget is ~10%

Beamlines

37%  ops, is still insufficient

Machine

Enhancements Qmputer Systems
7% & Canventional

Facilitie
20%

B “painting the bridge”




Some science areas where we see great growth potential

Biology outside protein crystallography

Magnetism

Inelastic x-ray scattering for Condensed
Matter Physics, Geophysics,
Biophysics

Nanoscience

Intermediate energy x-ray scattering

Catalysis...




Status of Facilities for the Future: 20-Year Outlook — By the End of FY 2008

Priority Program Facility
1 FES ITER
2 ASCR  |UltraScale Scientific Computing Capability
HEF Joint Dark Energy Mission
Tie for BES Linac Coherent Light Source
4 BEER Protein Production and | Bioonergy Ressarch Carnters®
% MNP Rare |sotope Beam Fadlity (previously RIA) #
E BER ~h »ation and Imaging % | Biconergy Research Carters®
% NP CEBAF Upgrade
Tie for
7 ASCR | ESnet Upgrade
ASCR  |INERSC Upgrade
BES Transmission Electron Aberration Corrected Microscope
12 HEP BT eV #
13 HEP International Linear Collider
BER ng of C r Systerms—mBiceengy Reseach Carters*
Tie for BES SHNS 2-4 MW Upgrade
- 14 BES  SNS Second Target Station
@ BER _ |Wh ——— |l ey Research Garters®
g MPF'HEF | Double Beta Decay Underground Detector
= Ti;aéor { FES Mext-Step Sphercal Torus
NP RHIC 1
Tie faor {BES Mational Synchrotron Light Source Upgrade®
21 HEF Super Neutrino Beam
BES Advanced Light Source Upgrade
E BES Advanced Photon Source Upgrade
I;: Tie for NP eRHIC or eLIC or Electron lon Collider
If 23 FES Fusion Energy Contingency
BES HFIR Second Cold Source and Guide Hall
FES Integrated Beam-High Energy Density Physics Experiment
[ |
75-100% 50-75% 25-50% =0% complete

A
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Construction

Engineering

Conceptual
Design
Operation

Design

R&D

Terminated

Ray Orbach
9/21 update to
BESAC

- Facilities
for-the Future

of Science

A Twe

*Technology readiness changed
# Changed due to planned facility abroad




APS science at the nanoscale (predominantly imaging or

focusing) will benefit from increase source brilliance

\/\'/ New nanoprobe jointly
JX with Center for
j o Fmesenes miscay 2100 Nanoscale Materials

E ~10nm resolution aim

B Microdiffraction under high pressure  16-1D
16-BM

IS Microinencdifraction 26M in hard X-ray region
2-1D-D
8-1D-E

8-1D-E 34-ID

Il Nanoprobe 26-ID 26-1D

Il Photoemission electron microscopy 4-ID-C ke

B Scanning x-ray microscopy 2-1D-B

Il Small-angle x-ray scattering 12-1D
15-1D

I Spectroscopy for 4-ID-C

nanomagnetism studies
B Surface and interface scattering 12-1D
33-ID
4-1D-C Ultra-small-angle x-ray scattering 32-ID-B
B X-ray excited optical luminescence 4-ID-C
Hm X-ray reflectometry 1-BM  32-1D-B
33-ID
>~ 2.BM, 2-ID-B, -D 34-1D
1-BM

110 years

'\
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Cornell University Energy Recovery Linac

Main Linac

Injector

@ Accelerating bunch

@ Returning bunch A superconducting LINAC is required
for high energy recovery efficiency




An ERL would produce almost fully-coherent illumination
(transversely) => probing complex materials dynamics by x-ray
photon correlation spectroscopy (XPCYS)

e.g. Photon correlation spectroscopy becomes 4 orders of magnitude

accessed

faSter ‘inferred experimentally

I;fZ ‘ /: S/N o It E“MP“

1.05

1.00

log(t)
Courtesy B. Leheny, JHU

Glassy dynamics
100 ms

Dynamics of membranes

Better detectors will reach sub-us




?
What would an ERL offer- B Substantially spatially-coherent

source (“like a laser”)

= ‘u30em112m  TTEEEEeaL .
X /() T — It can put >100 times more flux
S e Y into a <10nm probe and improve
£ C s / circul.ar ola'ri;atic;n ERL"HC" ] I
L e : phase contrast compared with a
Yoo ST E storage ring
Ry — And deliver to many users
%10”— 37 W |t offers pulses 100 times shorter or
g /‘V\ : less (in the sub-ps regime)
Footp oo E — Does not rival FEL for peak
- £ APS 2.5 nm-rad vs. .
B [ ERL0.014 nm-rad (High Coherence "HC") vs. i brilliance
LoT LCLS 1.2 mm-mrad | . )
S e o i pra—— N — But compatible with FEL
Ener keV
gy (keV) AN upgrade as well
\\Y‘.@; W Natural upgrade path for storage ring
| _ such as APS
We_ continue to consider other _ Could be done without
options, but are now targeted N compromise or major disruption
on the ERL L)
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On-axis Brilliance Tuning Curves for Current APS Lattice vs.
ERL High-coherence Mode vs. LCLS vs. NSLS |l

L ,7u30em12m T T T TEEe=-o_ i

-
~

- +?  LCLS(SASE) SCU1.45cm,48m, ERL'"HC"  ~ =~ _ i
s -~
102 I,/ meT T . :/ / RN N e, )
=) U3.3 cm, 4.8 m, ERL "HC" “s.  SCU1.00cm,48m, \ E
- e x *. circular polarization, ERL, "HC" '« .
. .

U14sCU140cm, e
4.0m, NSLS II, low B

—_

o
N
-y

T 1 IIIIIII
-
7

o,
.,

U19 CPMU 1.90 cm,

> 40 m, NSLS II, low B

U27cm, 48m,APS .

~
-
~

SCU1.45cm, 24 m, APS

On—Axis Brilliance (ph/s/mrad?/mm?/0.1%bw)

i UA (3.3 cm), 24 m, APS |
1 019 :_ _:
- APS 2.5 nm-rad vs. =
. ERL 0.014 nm-rad (High Coherence "HC") vs. -
- LCLS 1.2 mm-mrad vs. NSLS 11 0.56 nm-rad 7
0L Lo Lot Lot i Lot
0 10 20 30 40 50

Energy (keV)

B Beam energy: 7.0 GeV (APS), 4.3 — 13.6 GeV (LCLS), 3.0 GeV (NSLS II)
B Beam current: 100 mA (APS), 25 mA (ERL High Coherence “HC”), 500 mA (NSLS II)




R&D Hilite: Cavity laser might become possible with ERL beam

K.J. Kim and Y. Shvydko
Diamond cavity for the X-FEL Oscillator

100 m

i |
C(444) undulator C(444)
0.1° &
12 keV
W B ,/T m X-rays
(IR AR
‘jl
R;=0.99 S R;=0.952
IIUTTOr 9cm T;=0.042

R, X Ry X Ryy =0.91 T ~ 0.042

H Optice for an XRay FEL Oesillator with ERL Bsame Yuri Sheyd'ko £ Kwarg-Js Kim July 27, 2007 il 20727

Fully coherent (temporal and spatial) x-ray laser source!




Where are we now on upgrade planning?

B Serious R&D is required for APS
upgrade (esp. gun and RF)

B R&D proposal submitted to DOE
strengthens international effort

— Leveraged by ANL LDRD and
accelerator institute

B During R&D phase there is time
to consider all options

B Major workshop with users
planned for October 20-21 2008

B Meanwhile, BESAC plans to
evaluate user community needs
which will drive DOE-BES plans

® Of equal priority to us is
development of new and
dedicated beamlines, S
. . Adbanced Plotm Sovwee M whoine ;ﬂerlv;wif; Lommpmittee
instrumentation, detectors and G ot
software to expand imaging and

ultrafast capabilities > APS RENEWAL 5-Year Plan




Extra material on APS user program and internal reviews




Limited scope Partner User Proposals bear fruit

PUP Shift Committments on APS- 2
operated Beamlines S
P 5 1t 10.1 =
35000- Q 0 8=
30000 § i 'E
— Normal (1 hr) 5
» 25000- 0 | V|- Leckinee min) [ -0-1
% 74 7.12 7.14 7.16
20000
2 B Committed PUP shifts (as Energy (keV)
5 of 9/07)
3 15000- ) .
= W Research Shifts less PUP (~10-° sensitivity)
© 10000+ . R
' TS
5000 T L s aEder, —SIS
o d_
FY98 FYOO FYO02 FY04 FY06 FYOS8
Fiscal Years
User Access to the APS
B GU Only
U & GU M PU Only
General user (GU)

Partner user (PU)

GU Only
PU Only 55%

30%
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Scientific Advisory Committee (SAC) Members
\. 1A

SAC Committee Members: Jens Als-Nielsen, Michelle Buchanan,
Slade Cargill, Howard Einspahr, Miles Klein, Richard Leapman, Dan Neumann,
Piero Pianetta, Michael Wasielewski, Soichi Wakatsuki, Glenn Waychunas,
Donald Weidner, Pierre Wiltzius, Wei Yan, Tim Graber and Denis Keane




APS Reviews

Advanced Photon Source

Argonﬂe DOE-BES Review 2007 [seacn il

NATIONAL LABORATORY

Home |Lo in |

For Reviewers

> AEEndle Reports from Reviews of the APS and/or its Beamlines, 2005-2007

I n te rn aI » Reference Material Al fites are in POF format.

» Presentations
Calendar Year 2005
» Contacts
+ Cross-cut Review: Science Using the Pulsed Structure of the Bearn; January 26, 2005 €@———

Secor 16, HP-CAT: March 2, 2005 4_
Sector 13, GSECARS; March 4, 2005 4_
an d » BulsmlEsion Sector 11, BESSRC/XOR: March 17, 200 S€——
Information

Sector 12, BESSRCYXOR; March 18, 2005 4—
Sectar &, MU-CAT; Septermmber 15, 2005 4—
Sectar 3, CMC-CAT; Septermmber 16, 2005 4—
Sectar 5, DHND-CAT; October 17, 2005 <—
Sectors 8-BM and 24-1D, NE-CAT; October 18, 2005 €——

External

+ Crozs-cut Review: Polyrmer Science at the APS; January 25, 2006 +—
Sector 15, ChemMatCARS: February 8, 2006
Sector 35; March 1, 2006 @

Seckor 22, SER-CAT: July 11, 2006 4—

Seckor 23, GMSCAT-CAT: July 12, 20064—
Secor 19, SBC CAT: July 13, 2006 4_

Secor 20, PHNC/HOR; Septermber 26, 20064_
Sectar §-I0, IMM/XOR; September 27, 20068 4_
Sector 10, MR-CAT; Septermnber 28, 2006 <—
Secor 17, IMCA-CAT; Ocober 17, 2006 4—
Sector 14, BioCARS: October 18, 2006‘—

For Speakers

» Upload a File

» Contacts

=dil 5deBar

Red arrows
<
<
indicate internal
reVIeWS in + Cross-cut Review: Structural Biclogy at the APS; January 24, 2007
Sector 15, Bio-CAT; March 14, 2007 4—
h 1 h A Sector 31, SGX-CAT; March 15, 2007 @——
W IC S C UChicago Argonne LLS Accelerator and Engineering Support Review of the APS; May 15-16, 2007
members
participated.

Cross-cut Review of XOR Biology, Polyrmers, and Soft Materials; May 29, 2007 €¢—————
Cross-cut Review of HOR Time-Resolved Science; May 30, 200?4—
Cross-cut Review of XOR Materials Physics, Materials Science, Engineering Materials; June 28-29, 200 7 ———

UChicago Argonne LLC Safety Review of the APS; August 27-25, 2007

Cross-cut Review of HOR Condensed Matter, Theory: Septemnber 10, 2007 @¢———
Cross-cut Review of Geoscience, Magnetizm; Septemnber 11, 2007 <—
UChicago Argonne LLC Science Review of the APS; September 17-19, 2007
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New Internal SAC Review Process: Eight subject areas

proposed for cross-cut reviews
Proposed 2009 reviews

Atomic, Optical, Molecular, and Chemical Science
B Condensed Matter and Materials Physics
— (includes magnetism, superconductivity, and emergent materials)
B Engineering Applications/Applied Physics
— (includes deformation, cements and mortars, shape memory alloys,
superalloys, liquid sprays)
B Geological, Environmental, and Planetary Sciences
B Macromolecular Crystallography (MX)
B Materials Science and Technology

— (includes photonics, semiconductors, nanomaterials, and liquid
crystals)

B Polymers, Soft Materials, and Biology (excluding MX)
Surfaces, Interfaces, and Thin Films

Combined with short sector management reviews




Conclusions

B Despite short-term difficult national budget picture, APS is growing and
developing renewal plans for the short-term, medium-term and long-term

including a major upgrade
B Science drivers towards the ultra-small ( ~1nm) and ultrafast (~1ps)

B The Energy-Recovery LINAC, developed by Cornell and also planned by
KEK, seems the most promising upgrade path for APS

— R&D is ongoing
— Major user workshop planned for this fall
B The big three facilities will retain their niche in high energy x-rays
— And we benefit from working together
At the least through sharing information
» But co-operative projects are of high value
— e.g. Scientific software?
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