Neutron X-ray Summer School, August 16, 2023

Synchrotron Radiation User Facilities
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SYNCHROTRON FACILITIES AROUND THE WORLD

Over 40 synchrotron light-source facilities world-wide
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Approximately 50,000 scientists use one of these facilities each year.
Five are large-circumference high-energy (>5 GeV) high-brilliance (<3nm-rad) storage rings
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SYNCHROTRON LIGHT SOURCES IN NORTH AMERICA
8 light sources;‘ﬁ DOE US; 1 NSF US; 1 State US; 1 Canadian

- . 4 .

. Canadian Light Source (CLS)
1.9 GeV; 2 nm University of Saskatchewan

Advanced Photon Source (APS)
Argonne National Laboratory

Advanced Light Source (ALS)
Lawrence Berkeley National Laboratory

" Cornell University

~_

NSLS-II

Stanford Synchrotron Radiation Laboratory(SSRL) ]

Linac Coherent Light Source (LCLS)
Stanford Linear Accelerator Center

CAMD
Louisiana State University

mm 3 GeV; 0.75 nm

3 GeV; 10 nm
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LIGHT SOURCE PARAMETERS
mw

APS-U
NSLS-II
SSRL
ALS
CHESS
CLS
CAMD

7.0 GeV
6.0 GeV

3.0 GeV
3.0 GeV
1.9 GeV
6.0 GeV
2.9 GeV
1.3 GeV

100 mA
200 mA

400 mA
500 mA
500 mA
200 mA
250 mA
200 mA

1104m
1104m-3
792m
234m
199m
7/68m
170m
25m

3.0 nm-rad
0.042 nm-rad
0.75 nm-rad
10 nm-rad
2.0 nm-rad
27 nm-rad
18.1 nm-rad
200 nm-rad

67 (47 ID)
70 (54 ID)
30 (22 ID)
27 (18 ID)
46 (17 ID)
8 (8 ID)
20 ( 13 ID)
15 (3 ID)

Most important: Energy, emittance, & does it have a beamline for what | want to do
*LCLS — X-ray free electron laser accelerator, so parameter don'’t easily correlate
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DOE SCIENTIFIC USER FACILITIES

More than 11,000 unique users use one of the DOE light sources each
year; Canadian Light Source ~1000; CHESS ~1000 users
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WHY CHOOSE PARTICULAR FACILITY?

Considerations for your experiment l

= Ene rgy range of x- rays X-ray penetration

: . »” ” depth into steel
— Higher energy storage rings generate "harder” x-rays .
* Penetration, complex environments, in-situ/operando, ... 2200 ym

— Lower energy rings — light elements, electronic and magnetic sensitivity, ..

» Brightness
— Enables smaller focal spots & coherence measurements

= Timing structure

— Pulse structure suitable if doing ultra-fast experiments
* Pump-probe; high-speed imaging

= Specialized capabilities
— Unique measurements (e.g. beam polarization, magnetic field,
stress/strain equipment, furnaces, laser heating, gas handling, ...
— Ancillary labs capabilities (e.g. electrochemistry, high pressure, ...)

= Location
— Similar capabilities for some techniques (e.g. XAS, SAXS, ...)
— Easier to transport your own equipment.
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DOE LIGHT SOURCE FACILITIES

Light sources optimized* for particular energy ranges
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» Harder x-rays contain significant power in the x-ray beam
* Lower energy ring can go to higher current without heat load mitigation

UChicago T s oEpaRTHENT OF
Whicago, « (#)ENERGY e



LIGHT SOURCE FACILITIES

Spectral range

Hard X-ray (>20 keV) X-rays (5-20 keV) Soft X-ray (<3 keV)

GI-SAXS

M

Dynamic Tomography  High-Press. XRD Surface Diffraction ~ RIXS (3d K, 5d L) XMCD Imaging

PDF, HEDM, XRD, High Press., SAXS, XAS, Diffraction, XRF, ARPES, XMCD, Imaging, Light
Tomography, ... Spectro-microscopy, .... elements, ...

Facilities will offer range of capabilities even outside their “sweet” spot.
(@ ENERGY Argonne &
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EVOLUTION OF SYNCHROTRON BRIGHTNESS

200 um

200 um
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Computer Speed, Mflop/s (millions of operations per second)

1950

1960 1970 1980
1 1 L 1 1 1

1990

1

2000 2010
1 1 N |

10"

@

=
(=)

10"

=]

assud sosund o oannd o ssmd s ond sossed o ined o sed o soud s aaued o sined 2osud o aaued o ssed o aaned ool s sined ooy

10

1" Generation Synchrotrons
(Bending Magnets)

3" Generation

Synchrotrons (Undulators)

2" Generation
Synchrotrons (Wigglers)

IBM 7090

CDC 6600

Cray X-MP

Cu Ko X-ray Anode
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= 2 orders of magnitude increase in brightness between generations



DOE SCIENTIFIC USER FACILITIES

Brightness & Beam Coherence

Focusing of x-ray beam Coherent (lensless) imaging X-ray Photon Correlation Spectroscopy

Fast particle dynamics

J. Miao et al., Science 348, 530 (2015)

Simulation courtesy of Z. Jiang (APS)

Brightness enables focusing of all x-rays into nanometer scale focal spots

Enables lensless imaging & studies of dynamics using correlation methods
See talks by Chris Jacobsen, Stefan Hruszkewycz (Tuesday) & Larry Lurio (today)
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LIGHT SOURCE FACILITIES

Timing modes

APS operates majority of the time (~80%) in a fill pattern that

enables pump-probe (and other) timing studies

(a): 24-bunch mode mmmm) 48-bunch mode

l_ 77ns
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(b): 324-bunch mode

11.37 ns separation
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Time-Resolved X-ray Absorption

E. Kinigstein et al., Rev. Sci. Instrum. 92, 085109 (2021)
Single pulse x-ray diffraction @ APS 35-1D

Aoommuc (ENERGY See talks by Ann Marie March (today) & Paul Fouss (Monday)
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LIGHT SOURCE FACILITIES

Beamllne capabilities

Plg, k::ﬁ-\‘_,;”* q ;

MEC mstrument @ LCLS AMPIX electrochemlcal cells @ APS RAMS instrument @ APS
* Ancillary capabilities at each beamline typically given on web pages
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LIGHT SOURCE FACILITIES

Beamline capabilities information

Beamlines Directory

Information on APS Operations and General User Programs During the COVID Pandemic. modes to general users at this time, check
the operational status of the APS - Read More
Beamline Disciplines Techniques Energy Range Access Operator Status
1-BM-B,C « Materials Science « Optics testing e 6-30 keV * On-site XSD )
* Physics « Detector testing * 50-120 keV
« Topography
« White Laue Single
Crystal Diffraction
1-ID-B,C.E * Materials Science « High-energy x-ray * 41-136 keV * On-site XSD e
* Physics diffraction * 45-116 keV
* Chemistry « Tomography
« Life Sciences « Small-angle x-ray
scattering
* Fluorescence
spectroscopy {
* Pair distribution function
* Phase contrast imaging
2-BM-AB * Physics * Tomography o 10-170 keV * On-site XSD e
» Life Sciences * Phase contrastimaging e 11-35 keV
* GeoScience
* Materials Science
2-ID-D  Life Sciences * Microfluorescence * 5-30 keV * On-site XSD )
« Materials Science * Micro x-ray absorption « Remote
« Environmental Science fine structure * Mail-in
« Nano-imaging « Beamline Staff
« Ptychography
2-D-E  Life Sciences * Microfluorescence * 5-20 keV * On-site XsD e

101 Soft Xray NEXAFSIPES
102 XAS Imaging/X-ray Scattoring

81 PES
71 Crystallography 82 NEXAFSIPES
72 Xeray Scattering
73 BoXAS

. umk

222 Catalysis XAS/White Beam
2:3 MicroXAS Imaging

15 Small Angle Scattering —

14-1 Crystallography

o0y
Keay Scatrieg & Spectroscspy
— Scatering

— i .12y Scatering & Spectroscosy

Future aarines

v

92 Crystallography

93 BoXAS
12-1 Crystallography (commissioning)
122 et
- = o D
/1641 VUviSot xray Metrsogy

N 162 Hard X-ray Metrology
N\ A (cominichon)

o2 7 0 e o

522 High-Ros ARPES
54 Low-E HighRes ARPES

(— BM

—— 152 XES-RIXS-Raman

(commissioning)
—BM

T 172 Xray Scattering (construction)

4.2 Bio-SAXS
43 Low-medium
Energy XAS

§ —
t Scattering \ e B AR
Sglbas] 113 Materials Diffacton

14-3 Low Energy XAS/XAS Imaging

« Types of measurements supported at beamlines typically given on web pages

 (Contact local beamlines staff with questions
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APS UPGRADE PROJECT

15-ID (ChemMatCARS)
13-ID (GSECARS) :
12-ID (XSD)

19-ID: ISN (XSD)

In Situ Nanoprobe
Long-Beamline Bldg.
20-ID: HEXM (XSD)
High-Energy X-ray Microscope
9.ID: CSSI (XSD)

Coherent Surface Scattering /4
Imaging

APS Upgrade Project APS Upgrade Project
feature beamlines || enhanced/improved
(Operator in parens) beamlines

|| (Operator in parens)

8-ID: XPCS (XSD)
X-ray Photon Correlation
Spectroscopy

7-ID (XSD)

25-ID (XSD)

6-ID (XSD) 26-ID (CNM/XSD)

5-ID (DND-CAT) 27-ID (XSD)

4-1D: POLAR (XSD)
Polarization Modulation
Spectroscopy

28-ID: CHEX (XSD)
Coherent High-Energy X-ray Sector
for In Situ Science

33-ID: Ptycho (XSD)
PtychoProbe
34-ID: ATOMIC and 3DMN (XSD)

Atomic and
3D Micro & Nano Diffraction

= $815M upgrade; Reuses ~$1.5B in infrastructure
= Split ~%2 accelerator & ~%2 beamlines

UChicago 5%, U DEPARTMENT OF
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APS Today

APS Upgrade

=)

€, = 3100 pm

€, =42 pm
New storage ring and new updated

insertion devices yields brightness
increases of up to 500x

Project includes 9 new feature & 15
enhanced beamlines to optimally
exploit this brightness increase

Exploit high performance computing,
Al/ML for data analysis

~2 Exaflop (2000 Petaflops)

44 Petaflops




APS-U DARK TIME SCHEDULE

e APR 17
User experiments end

e APR24
Beam shuts down

: | Removal

|ofring BEAMLINE CGNS‘,TRUCT“‘QNE

Installation Testing
of new ring without beam

o Late JAN 2024
NEW BEAM TURNS ON

‘ECommissioning ring ‘

Initial light
to

beamlines
2024

APR MAY JUN JUL AUG SEP OCT NOV JAN FEB MAR APR MAY

4

Today: Accelerator installation
& beamline work

Initial light from APS-U expected onto experimental hall floor in May ‘24 (~9 months from now)
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16-BM-B + 16-BM-D + 16-ID-B + 16-ID-D (HP-CAT) Advanced Protein

Characterization Facility
154D-B.C.D (ChemMatCARS Bidg. 446

14-BM-C (BIoCARS) * 14-ID-B (BIoCARS & XSD)

13-BM-C + 13-BM-D + 134D-C,D + 13-ID-E (GSECARS)

12:BM-8 + 121D-8 « 124D-C,0 (XSD)
20-BM-8 + 2041D-8,C (XSD)

21
11-BM-B + 11-1D-8 * 114D-C * 11-ID-D (XS! Source Key
Undulator/period
B172em

214D-D + 21-D-F + 21-ID-G (LS-CAT)

<
]
Q} | 22-8M-D + 22-D-D (SER-CA
2

10-BM-A,B * 10-1D-B (MR-CA [ 18cm
'/' H23cm D canted 23-BM-8 + 234D-8 » 234D-D
9-BM-8.C + 94D-B.C (XSD / Discipline Key F27cm § Undulaters (GMICA-XSD)
' W Materials Science E3.0cm E Tandem
\ M Biological & Life Science I3 o Undulators 24-1D-C + 24-1D-E (NE-CA!
8-1D-E + 84D (XSD) | I Geo/Soil Science g Beamline
[y =] Enﬁllrorl\v’v:;nial Science 5cm Bending Magnet
| & I Chemis
7-BM-B + 7-10-8,C.0 (XSD) I \If [¥Physics Hascm [] endingbiagnet 26-1D-C (CNM-XSD)
7 'y W Polymers fcrPut2scm S
6-BM-A,B (COMPRES/XSD) -" ~ Experiment Hall, Bldg. 400 J cPU128cm ChaE Tt
CORE DN, E Storage Ri Scu1.8cm Nanoscalle
NG o) Materials
N 0 Hscu3.1scm Bidg. 440

# Revolver 1.72.2.7 cm

s-suc-s-uu-o-m.c.o L\ )
(DND-CAT) ‘\\ Particle A((umuldm
® = 71

4-1D-C + 4-1D-D (XSD) e — =3 =3
Booster/Injector § \

Synchrotron

w"jﬂ)

29-D-C,D (XSD)

=
2
34D-8,C,0 (XSD) AN
R\,
%

30-ID-B.C (XSD)

2-BM-A,8 + 24D-D + 2-1D-E (XSD) \\\ £/ ’
,‘ ) v 314D-D (LRL-CAT)
1-BM-B.C + 1-1D-B,C.E (XSD) L S jon / /
oy -/

32408, (XSD)
€
ég 2
Utility Building,

o
Bldg. 450

33-BM-C + 334D-D,E (XSD)

344D-C + 344D-E (XSD)
354D-8,C,0,E (DCS)

Central Lab/Office)
Bidg. 401 ——



APS-U SECTOR IN OFFSITE WAREHOUSE

Sector Mockup

Argonne &
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OFFSITE WAREHOUSE
Emptying out fast
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APSU BEAMLINE STARTUP NOTIONAL TIMELINE

Time increments in weeks Shislding Verification

Technical Commissioning
Scientific Commissioning
Accepting General Users

» Resume operations in ~May 2024 2024 2025
D 1ot D May D e D iy P Aug D sept B 0 P Nov. D Dec. P len. D Feb_Marcn P Al D Mey B dne P Juiy D Aus g
— All stations need shielding S .

verification performed before can
start x-ray work. Will take ~9
weeks to go through all 54 ports
(canted beamlines same time)

— Technical commissioning: Check if
all systems are working properly
with x-rays (~1 month for beamlines
with no/modest upgrades; ~ 3
months for new beamlines)

— Scientific commissioning: First s
demo experiments ( pre-scheduled)

9 weeks

Expect nearly all beamlines to be accepting
general users by Oct. 24

UChicago %%, U.S. DEPARTMENT OF
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SUMMARY

Lots of considerations when choosing a beamline/facility
Can be daunting task.

= Energy range for measurement?
» Brightness needs?
= Timing structure important?

= Specialized sample/measurement
capabilities needed?

= |_ocation
— Remote or Mail-in capabilities
offered?

Staff at the facilities there to help you make the most effective use of your time.
Talk to them, they can help guide you towards the best choice beamlines
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QUESTIONS




