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International High Energy 4GSR Development

Our plans for the APS Upgrade enable g'feiifﬁjg‘;‘j‘ge'eramr
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THE APS Upgrade:
building a world-leading hard X-ray facility

Small-Beam Scattering Coherent Scattering &
& Spectroscopy Imaging
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APS-U — High Brightness Storage Ring Lattice

~70-fold

reduction in .
horizontal oE:Wa
emittance

APS and APS-U
chambers

- APS-U 7-bend achromat lattice

100x — 1000x increase In brightness and coherence of

Angstrom and sub-Angstrom X-rays
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APS-U Lattice

= Storage ring consists of 40 Sectors. Each with 33 arc magnets; 27.6 meters /
sector

= Each sector is hybrid 7BA (Raimondi et al., ESRF) with longitudinal bends and
reverse bends (Streun et al., PSI). (First standard 7BA built for MAX-IV.)

= Vacuum systems integrated with magnets, supports, insertion devices, front ends
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APS-U ensures that the United States maintains
world leadership in light sources

Brightness Envelope in ph/s/mrad?/mm?2/0.1 %ZBW
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APS-U Parameters

Quantity APS Now APS MBA APS MBA Units
Timing Mode Brightness Mode
Beam Energy 7 6 6 GeV
Beam Current 100 200 200 mA
Number of Bunches 24 48 324
Bunch Duration (rms) 34 104 38 ps
Energy Spread (rms) 0.095 0.156 0.130 %
Bunch Spacing 153 i 11 ns
Emittance Ratio 0.013 1 0.1
(Horizontal Emittance 3100 31.9 42.2 pm-rad )
Horizontal Beam Size (rms) 275 12.6 14.5 pm
(_Horizontal Divergence (rms) 11 2.5 2.9 prad )
(Vertical Emittance 40 31T 4.2 pm-rad )
Vertical Beam Size (rms) 10 Ta 2.8 pm
( Vertical Divergence (rms) 3.5 4.1 1.5 prad )

APS-U Preliminary Design Report, September 2017
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Bunch Swap-Out Injection  emey and soriand, 2002
Target bucket is emptied by the extraction kickers in Sector 38

: Extraction Injection
u ReCIUIreS 2 nC m kickers (4) kickers (4)
per shot for 372- ol el all == ol .
bunch, 200-mA
high brightness
<@ Taraet bunch to replage Dumg
mode a® New injected bunch
= Requires 16 nC

On the same turn, the septum and injection kickers in Sector 39

per shot for48- deflect the incoming bunch into the target bucket and kick it on axis
bunch, 200 mA

timing mode — a Extraction m Injection
challenge for the kickers (4) kickers (4)

Injector at the ®*—e @ o —e>
moment Bunch- and pulser timing
<—— 11.4ns > < 11.4ns —>

- — - [

T_rise T top T fall t
T

|‘ T_full >|

Argonne &




Novel Insertion Devices — SCAPE
(NOT INCLUDED IN PROJECT)

= APS-U small, round vacuum
chambers (6 mm diam)
— Novel polarizing SCUs

— Superconducting Arbitrary
Polarizing Emitter - SCAPE

= Polar beamline
— Significant upgrade to 4-1D

— Goal is fast switching circular or
linear polarization

— In situ experiments on magnetic
materials

= Does not impact KPPs
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APS-U Project Scope

All existing beamlines incorporated ?'e‘g g;’;ﬁ; Aﬁ;’;ﬁce

in plans to come back online at . 200 mA current

conclusion of APS-U — * Improved electron/photon

i, stability
RS New Insertion Devices
Fegture beam_llnes : ék“‘é':\ * Incorporate SCUs on
Suite of beamlines designed for "._;_:_}k lected b i
best-in-class performance selected beamiines
New/upgraded Front-ends

Beamline « Common design for
Enhancements: - maximum ﬂ@lelIlty

improvements to
make beamlines
“Upgrade
Ready” ——————\ Injector improvements

* Increase performance as

required to meet APS-U needs

Utilizes $1.5B in existing
infrastructure
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APS-U Feature Beamlines

Location Name Title Science Lead Technique
28-ID CHEX Coherent High-Energy X-ray Sector for In Situ Science Robert Winarski In situ, surface high-energy coherent
Brian Stephenson  scattering
4-1D Polar Polarization modulation spectroscopy Daniel Haskel Magnetic spectroscopy
20-ID HEXM A High-Energy X-ray Microscope Sarvjit Shastri High-energy microscopies & CDI
Jon Almer
8-ID XPCS Development of a Small-Angle X-ray Photon Correlation Suresh Narayanan Small-angle XPCS

Spectroscopy Beamline for Studying Dynamics in Soft Matter
Wide-Angle X-Ray Photon Correlation Spectroscopy and

Time-Resolved Coherent X-Ray Scattering Beamline Alec Sandy Wide-angle XPCS
33-ID Ptycho PtychoProbe Volker Rose Ultimate resolution, forward
scattering

ptychography/spectromicroscopy

19-ID ISN InSitu Nanoprobe Beamline Jorg Maser In-situ, forward scattering
ptychography/spectromicroscopy
Long working distances

9-ID CSSI Coherent Surface Scattering Imaging Beamline for Unraveling  Jin Wang Coherent GISAXS, XPCS
Mesoscopic Spatial-Temporal Correlations Jiang Zhang
34-ID ATOMIC Atomic — A beamline for extremely high resolution coherent Ross Harder Diffraction microscopy & CDI
Imaging of atomistic structures Bragg CDI
3DMN 3D Micro & Nano Diffraction Jon Tischler Upgrade of current 34-ID

+ enhancements of X-ray optics, instrumentation and end station components for many existing beamlines




Long Beamline Building Conceptual Design

VY N
-

* Extensive study to find best location for long
beamlines

* Preliminary Design Contract award to
StudioGC Architects

« Contract to separate professional estimator
will be awarded soon

Argonne &

NATIONAL LABORATORY

12



Photon Transport Simulation Tools
Levels of simulation: accuracy vs efficiency

Analytical method Y Numerical method

e SHADOW, Ray, McXtrace, xrt e The Mutual Optical
e Mathematica/Excel e HYBRID (add diffraction) Intensity (MOI) model
e Gaussian beam profile IR AALEUERE e Multi-electron SRW
e Optics acceptance » More accurate source profile e Coherent mode
e Focusing condition using * Effects of non-ideal optics decomposition method
e Effects of optics vibration e Comsyl

geometric magnification and misalignment

and diffraction formula . ntensity, . e Partially coherent
» Beam intensity, spot size, :
e Fast optimization of the divergence, and energy source and }_Jropagatlon
. . through optics
beamline layout with spectra
reasonable accuracy e Optics specification and e Local coherence and
\ / \ mechanical requirements / \_ wavefront )

Cohberent wavefront preservation

13




Fundamental Power
Couplers

Single Cell 1.4 GHz
Superconducting
Harmonic Cavity (two
in house)

In-House Design
Fast Bipolar Power Supply*

M 1 Longitud | na I_G rad ient D'I pole Prototype Stripline Kicker used for successful BTX Beam Tests

8-Pole Corrector Q-Bend Maénets M3,IVI4

Argonne & 14

NATIONAL LABORATORY




Sample holder =

nm 30 translation stages =

Precision chi stage —a

Precision phi stage £3°

“‘Coarse’ phi stage $180"

Velociprobe: fast
scanning nano-probe

Argonne &

NATIONAL LABORATORY

APS-U Beamline and ID Technology

revolver IDs

high heat load front end

g i

prototype compact wavefront sensor
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Key Performance Parameters

Thresholds
(Performance Deliverable)

> 5.7 GeV, with systems installed

Key Performance Parameter

Storage Ring Energy for 6 GeV operation
> 25 mA in top-up injection mode

Beam Current with systems installed for 200 mA
operation

Horizontal Emittance < 130 pm-rad at 25mA

Brightness @ 20 keV'! >1x10%

Brightness @ 60 keV'! >1x10%Y

New APS-U Beamlines 7

Transitioned to Operations

Iphotons/sec/mm?/mrad?/0.1%BW

Objectives

6 GeV

200 mA in top-up
injection mode

<42 pm-rad at
200mA

>1x10%
>1x 10%

=9

A Transition to Operations Plan is being developed

16



Beamline Transition to Operations Parameters

Beamli TTOP TTOP TTOP Energy
e Brightness? Brightness! | Energy Range Description
Thresholds Objectives keV keV

Magnetic spectroscopy beamline with polarization control

for studies of electronic materials at extreme conditions.
Polar > 5.7 x 1019 > 8.4 x 102t 9 2.75—27 Beamline can take full advantage of novel polarizing

undulators developed for the APS-U storage ring.

X-ray photon correlation spectroscopy beamline with
instruments for small- and wide-angle scattering designed

AFCE >1.0x10% >7.5x10% 20 8=25 for the study of dynamic heterogeneity in complex materials.
. . .

Coherent surface scattering imaging beamline to explore Brlghtness meas_urement requwed for
CSSI >5.0x 101 >3.8x 1021 20 6 —30 the structure and dynamics of low dimensional, mesoscale, eaCh new beamhne_

heterogeneous systems.

- > 5.0 x 1019 > 7.5 x 102! - 4830 A_scannlng nanoprobe optlmlzed for large working e For Completion Of beamline transfer to
Focus? < 50 nm Focus2 < 20 nm - distances and in situ experiments )
: : : — operations: Threshold TTOP must be

High-energy x-ray microscope for experiments on in situ ] .
HEXM > 1.0 x10%° > 2.2 x10% 60 35-120 environments for materials science and engineering met or exceeded; key equment IS

applications. e : .

One tunable and three fixed-energy beamlines designed for verified to be in place and WOI’klng
CHEX > 4.5 x101° >3.3x10% 20 5-60 coherent, high-energy x-ray in-situ diffraction studies of

materials synthesis and chemical transformations.

> 1.5 x 1020 > 1.8 x 1022 U!timate spatial resolution, ultra—fa_st scanning nanoprobe

Ptycho Focus? < 50 nm_ Focus2 < 5 nm 10 5-30 with ptychography for extremely high-resolution structural
measurements.

Bragg coherent diffraction imaging to study materials with

spatial resolution of one nm or better. Zoom optics allow

19 21 — . .
AVCLILE = Al =il = b variable spot sizes so that the x-ray probe can be matched
to the needs of individual experiments.
3D diffraction nanoscope using both pink and 1 Brightness = photons/sec/0.1% BW/mm?mrad?
3DMN >2.9x 10%° >25x 102 20 5.3—30 monochromatic x-rays to study materials structure and
mechanical behavior. 2 FWHM
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APS-U Project Schedule

CD-4

Cipn CD-3B CD-2 CD-3

Approve Approve Start
. Approve Approve Approve .

Alternative of Operations

. Long Lead Performance Start of .
Selection & . L Project
Procurements Baseline Fabrication }
Completion

Cost Storage

N -

DOE | CD-2 Review October 10412, 2018
Success!

Research & Development

. 1 |
Conceptual Design

Preliminary Design

Procurement & Assembly

Installation &
® Commissioning o

Sched
conting

FY14/ FY15 FY16 Fyi7 FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26

prior year
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Removal, Installation, and Commissioning Schedule

TASK

Removal

Installation

| Commissioning | Float

Month 1 Month 2 Month 3 Month 4 Month 5 Month 6

Month 7

Month 8

Month 9 Month 10 | Month 11 | Month 12

Remove IDs and front ends

Remove mezzanine electronics

—
e
—

Remove magnet girder assemblies

Prepare tunnel surfaces

Install magnet modules

Install mezzanine electronics

Install front ends

Install insertion devices

Integrated system testing w/o beam

Accelerator Readiness Review

=

e —
e —
e ———
e ——
e ———
e ———

Commissioning

e —

Float

= The plan was developed from the bottom up.

= The plan has been reviewed multiple times.
= Consensus: The plan is achievable
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APS-U Budget and Funding Profile for CD-2

Total Estimated Cost (TEC)

U1 APS Upgrade Project — previous scope costs 354
U2 APS Upgrade Project — Multi Bend Achromat 610.7 .
U2.01 Project Management 57.9 e 30% cost contli ngency
U2.02 Conceptual Design and Development 494
U2.03 Accelerator Systems 250.0 « 28 months schedule contingency
U204 Experimental Facilities 1862
U205 Front Einds and Insertion Devices 612 e scope contingency under evaluation
Contingency(TEC) 1504
Sub-total (TEC) 7963  long lead procurements in process
Other Project Cost (OPC)
U1 APS Upgrade Project — previous scope OPC 8.5 (C D'3 b)
U2 APS Upgrade Project — MBA OPC 7.1
Contingency (OPC) 2.9
Sub-total (OPC) 18.5
Total Project Cost 815.0

Funding (BA) in Millions of Dollars (Then-year Dollars)

All Prior | FY FY FY FY FY FY FY FY FY FY
Years | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 Total

OPC 85 50 5.0 18.5
TEC 40.01 20.00 200 200] 425| 93.01 130.0| 150.0] 1598| 1212 796.5
Total 485 20.0| 200 20.0| 425| 930] 1300 1500]| 1598] 1262 5.0 815.0
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FTEs by Resource Type

200.00
180.00
160.00

140.00

120.00 ®m Administration & Support
m Designer/Drafter
100.00 m Engineer
m Management
w0 m Scientific
60.00 B Technician
40.00
20.00

FY14 FY15 FY16 FY17 FY18 FY19 FY20 FY21 FY22 FY23 FY24

FTEs

« Ramping up Project staff as proceed to CD-3

» APS Operations-funded staff will participate in
accelerator and beamline commissioning

Argonne & ”
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Safe practices are an utmost priority for ANL and the APS-U project

Worker Safety

= Exemplary ES&H performance is essential for the successful execution and completion of this
project

= We are committed to a strong Integrated Safety Management approach for the Project; we
strive to prevent all accidents and injuries

Accelerator and Beamline Safety

= Well-integrated and well-planned Accelerator Readiness Review (ARR) process is essential
for the successful execution and completion of this project

= We are fortunate to be able to build upon a strong culture of operational rigor and discipline
and a well-developed radiation safety program at the APS

AAAAAAAAAAAAAAAAAA




High Level Organization for ANL

UCHICAGO ARGONNE, LLC
ARGONNE BOARD OF GOVERNORS

R.J. Zimmer P.K. Kearns
Chairman President

|

Work Planning and Control Project Office —

G. Francis, Project Director (Interim) ARGONNE NATIONAL LABORATORY ) _
) ) ) B Keamns — Office qf Strategy, Performance, and Risk
S. Guha, Senior Science Advisor — s " G. Morin
) Laboratory Director
A. Petford-Long, Chair, CRO Council — — Office of the Chief Financial Officer
Chief Communications Officer —| M.C. Clifford J.C. Purnell
L. Krohn — Chief of Staff Aud:'r. and Oversight
Leadership Institute Director — D. Frice
L. Durham — Legal
e K.C. Sawyer G.E. McKeown (Interim)
R.Hettel Deputy Laboratory Deputy Laboratory Director — Counterintelligence
Joint Center for Energy Storage Research — Director for Science for Operations (Interim) TS. Stillman
G.W. Crabtree l
COMPUTING,
ENERGY AND PHYSICAL SCIENCES ENVIRONMENT S&T PARTNERSHIPS
PHOTON SCIENCES GLOBAL SECURITY AND ENGINEERING AND LIFE SCIENCES AND OUTREACH
S.K. Streiffer S. Sunderrajan K. Hafidi R. L. Stevens U. Kriplani
Associate Lab Director Interim Associate Associate Lab Director Associate Lab Director Interim Associate
D.M. Mills LEolRlEE ey M. Curry-Nkansah M.E. Papka Lab Director
Deputy Associate Chief Operations Officer Deputy Associate
Lab Director Lab Director
G. Srajer R.L. Graham
Deputy Associate Deputy Associate
Lab Director Lab Director
D.S. Hodge
Chief Operations Officer
BUSINESS AND INFRASTRUCTURE HUMAN RESOURCE HEALTH, SAFETY,
INFORMATION SERVICES SERVICES SERVICES ENVIRONMENT
K. Hellman J. Nuter AND QUALITY
Senior Director Senior Director Senior Director G. Stine
Chief Information Officer {Interim) Chief Human Senior Director
Resources Officer (Interim)
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High Level Organization for APS

Experimental

Facilities
Operations
B. Glagola

User
Administration
and Support
S. White-DePace

Project
Management
J. Cross

PHOTON SCIENCES DIRECTORATE
ADVANCED PHOTON SOURCE

S. STREIFFER

Associate Laboratory Director
Director, Advanced Photon Source

D.M. Mills

Deputy Assoc. Lab Dir.

X-Ray Science

G. Srajer
Deputy Assoc. Lab Dir.
Operations

PSC
Communications

and APS-U

ANL Director

!

A

APS Upgrade Project
(APS-U)
R.HETTEL*
Project Director

J. Kerby
Project Manager

T. Fornek
Integration Manager

<+— PMAC

<+«—ESAC

N MAC

R. Fenner

J. Byrd

Accelerator Systems
Division (ASD)

Division Director

APS Engineering Support
Division (AES)

J. Connolly
Division Director

X-Ray Science Division
(XSD)

J. Lang
Division Director

Deployed Support

T. Padilla HR
M. Leisten HR
K. Mellen Public Affairs

P. Rossi et al. ESH
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APS-U project management team is in
place and ready to deliver the project

Jim Kerby Robert Hettel Tom Fornek
Project Manager APS Upgrade Project Director Integration Manager

Elmie Peoples-Evans Glenn Decker Mohan Ramanathan Dean Haeffner
Project Operations Accelerator Systems Front-ends and IDs Experimental Systems
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Summary

The APS-U enables the United States to maintain a world leadership position
In storage-ring X-ray sources

The APS-U project is well underway with many designs in an advanced stage;
contracts for many components have already been issued

Accelerator and experimental system R&D programs have been successful

A long-lead procurement program has been initiated to reduce project risks
with a prioritized sequence of purchases

Conducting the project in a safe manner is a high priority
Approach to dark time + dark time + commissioning will be disruptive

Working diligently on reaching CD-3 in FY19
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