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X-ray Science — Unveiling the architecture of matter
across scales
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APS-U

Emittance: ~30pm, full coupling - 4t generation (APS-U)
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Shi, X., Lin, Y.-C., Zhao, J., Toellner, T., Hu, M. Y., Seifert,
S., Lee, B., Grizolli, W., Wojcik, M. J., Rebuffi, L.,
Assoufid, L. & Sajaev, V. (2025). J. Synchrotron Rad. 32,

1152-1161.
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Not bad for parasites

Semiconductor density Storage ring brightness Laser Peak Power
From 3000 to 1011 From 10213 to 1022 From mW to PW
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Transition to 4th gen storage rings

2010 2012 2014 2016 2018 2020 2022 2024 2026 | 2028 2030 2032 2034 2036

Max-IV @ 330 pm, 16 beamlines
ESRF-EBS @ 130 pm, 6.0 GeV, 44 beamlines
sLs @ 130 pm, 2.0 GeV, 16 beamlines
Elettra-2.0 @D 212 pm, 2.4 GeV 28 beamlines

H orzon 2040 - Diamond-II @ 160 pm, 3.4 GeV, 35 beamlines
SOLEILII @ 53 pm, 2.75 GeV, 29 beamlines

L ~20 4th gen rlngS WorIdWIde PETRA-IV @ 20 pm, 6 GeV, 31 beamlines
ALBA-II 140 pm, 3 GeV, ~14 beamlines @D

° >550_6OO beamllnes BESSY Il 106 pm, 2.5 GeV, ~30 beamlines (D

@ HEPS 60 pm, 6.0 GeV, 14 beamlines phase -1 (90 total)

China HALF 86 pm, 2.2 GeV, 10 beamlines phase-|
Asia G (40 total)
Japan (Spring-8-11) @ 100 pm, 6.0 GeV, 57 beamlines
™" @ APS-U 42pm, 6 GeV 72beamlines
@ ALS-U, 69 pm, 2.4 GeV 44 beamlines
SIRIUS (Brazil) @ 250 pm, 3.0 GeV, 10 beamlines Phase-1
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Improvements
APS upgrade has transformed our ability to probe complex systems

SPATIAL
COHERENCE FOCUSING

St

Decode disordered and Can focus X-ray beams APS ability to penetrate
complex systems down to 20 nanometers dense objects continues
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Microelectronics
Coherent beam improves spatial resolution and speed

» |[mportant to understand defects in
fabrication processes ~50 um

/

» Upgraded APS enables nondestructive
probes of large volumes, at resolutions not
attainable by optical methods

= Application: Microelectronics R&D
prototyping phase and production ramp-up

Nikitin et al., J. Synchrotron
Radiation, 32, 1452-1462 (2025)
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Understanding Engineering Materials (HEXM)

From mesoscale to strain at nanoscale
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OCAL STRAIN MAGNITUDE

M. Angelonel, M. Chlupsa?, N. Porter3, S. Oh#, et al.
1 Northwestern University, 2 University of Michigan, 3 BYU, 4 Argonne National Laboratory
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(ESRF) ID16A: NANOIMAGING BEAMLINE FOR LIFE SCIENCES AND BIOMEDICAL RESEARCH

eural networks controlling fly wing & leg movement

Azevedo et al. Nature 2024
Mamiya et al. Neuron 2023 Structure-function mapping of mouse
U. Washington, Harvard Medical School olfactory bulb circuits, combining

functional and x-ray imaging.

Francis Crick Institute

Complete neural
wiring in a squid

New technique, X-ray Nano-Holotomography, to advance nano-imaging for life sciences
~30nm isotropic resolution across large tissue volumes, imaging neuronal circuits 100x faster
than traditional methods.

Cardona Lab , MRC Cambridge
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Coherence enables probing

of dynamics in complex systems

= |lluminating an object with coherent
X-ray light produces “speckles” in the
detector that encode information
about disorder in the system

» Tracking how these speckles evolve
as a function of time provides access
to the dynamics of complex
heterogeneous systems
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SMART materials

Coherent beam gives new insights into self-healing protein hydrogel

» Hydrogels have applications in
tissue repairs, internal sutures,
and soft robotics

= Beam coherence has helped
understand dynamics of these
complex assemblies

= Studying biological specimens
with hydrogels was impossible
at the original APS
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Work by B. Carrick, H. Yao, A. Rao,

& B. Olsen of Massachusetts Institute of
Technology, and Q. Zhang, M. Chu &

S. Narayanan of the APS.

Team also used the Spallation Neutron
Source at Oak Ridge National Laboratory
in this research.

Argonne &



Material discovery
New superconducting phases

1200

94 GPa
A =0.4066 A

APS

1000

800

Intensity (a.u.)

= Hydride superconductors can operate at high
temperature under extreme pressure: Holy grail is

to discover new phases that can be stabilized at N\j UMU\}\MWL_N.

ro O m p reSS u re — 5 1IO 1I5 2I0 25

20 (°)
= Submicron X-ray beam opened the door to 113 GPa
discovery of new phases in joint research with o s APSU
University of lllinois at Chicago .
[Manayil et al., Nature Communications 16, 11222 (2025)] ézooo £
J{JL sl
0 (| | [ |
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Protein structures
New modality and throughput for protein discovery

v

= Major speed-up in data collection

» The field is transitioning to serial
crystallography, with partial data
collected from multiple tiny crystals

= Approach gives better insights into
protein behavior at room temperature

= Demonstrated entire pipeline that
supports this modality at the upgraded
APS

= High energy (20 -36keV and above)

Work performed by SBC/eBERIight, GM/CA o
& NIH-sponsored NE-CAT teams Hydrogens are V|S|b|e!"
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Recent and many upcoming upgrades

Adapted from J. Susini, Soleil
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Susini, J. et al. Abrief introduction to the Synchrotron SOLEIL and its upgrade programme. Eur. Phys. J. Plus 139, 80 (2024).
https://doi.org/10.1140/epjp/s13360-024-04872-2
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PX Beamline Upgrades @ SLS 2.0

PX lll focus size before and after the SLS 2.0 upgrade

An Al-designed
protein from
Martin Pacesa

A
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e with Chem Space
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I-TOMCAT 2.0 @ SLS 2.0 First pilot experiment November
2025

= Phase contrast tomographic scan at I-TOMCAT
Energy: 28 keV (13th harmonic U15)

Field of view: 2 mm (H) x 1 mm(V)
Pixel size: 480 nm (13 x mag)
DAQ-scheme: 360° scan - 3000 projections

Scan time: 5 minutes, 100 ms (with safety filter in)

U.5. Department of Energy labaratory
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Sample: Cycadeoidea morierei (petrified
Bennettites, extinct group of Mesozoic
plants ) from the Early Cretaceous of
Normandy

One of the few fragment remains after
specimen was destroyed in WW-II (Caens
University)

Principal investigator: Prof. E.M. Friis (Uni
Aarhus)

250 microns

Argonne &

NATIONAL LABORATORY



The new storage ring - Solell

SOLEIL | SOLEILII

2™ Generation

t 5 v 20 straight sections for IDs
v’ 8 « super-bends » (1,7 T et 3 T) at the middle of cell 7BA

v’ Several straight sections a bit longer

@) of ENERGY 0o, cobatimenierncioyorior AFURS 2025 | Lyon | vers SOLEIL Il | 30 juin 2025 17 Argonne D

NATIONAL LABORATORY




. Combined Function bends
l | n |:| Reverse bends
M‘ \X I L att I C e . Quadrupoles

. Sextupoles

. Octupoles

R3 Lattice
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12 horizontally focussing quadrupoles are turned into reverse bends grouped into two families.

R3 = the existing MAX IV 3 GeV ring
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MAX 4V Accelerator Design Highlights ‘
MAX 4U

LOff-phase Injection
UInjected beam comes with a time (phase)
offset with respect to the already circulating
electron bunches
OInjected beam is kicked on-axis by a very fast
kicker magnet. The stored beam is not perturbed

Re-use of vacuum chambers
L Chambers are bent into a new shape to follow the
upgraded ring closed orbit.
Saves money and conditioning time
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A Data Deluge
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Replacing conventional methods
Physics aware Vision Transformer (VIT)

Physics-aware Vision Transformer

Ptychography data: Amplitude A Decoder
2D diffraction patterns .
o [ Upsampling ]
5 — [ Conv + BN + RelLU |
e
2 xN blocks
=
S ué Transformer Encoder / ol
» = O J
8 8 @ Multi-head Attention
5 i °+‘ —_— Layer Norm + MLP
2§ s xL layers
T =
(& = Feature Space Phase ¢ Decoder
o \ .
a [ Upsampling |
] —
2
5 xN blocks
Physics forward model Amplitude Phase
0 = Ae'®

1= IF©- Pl
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50 Million

- = Shared Images

Vision Transformer
Pre-Training
1024 A100 GPUs

Vision Transformer
Fine-Tuning

50K images

200 A100 GPUs
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No Al SYNAPSI PtychoFM No Al

>10X Resolution

>>710X Contrast >100X Faster

200 Hz live inference

Sample: 28 nm chip
Network Input: 256x256, Output: 256x256



Developing Agentic Beamlines
As part of the Genesis Mission

: ; Phase 1: Phase 2: Phase 3:
" We are devel oping f(?u nd "?‘t' onal Model Training Real-Time Inference Autonomous
models for coherent imaging (HPC) (Edge-Compute) Experiment Guidance
Experiment
Commands

= This will open the door for:
— Real-time data analysis

Synchrotron

at the edge 2, "yl X-ray Beamline

. . o ([ V¥ Beamline S

— Agentic beamlines: Data Al Agent
AN Tl o
Autonomous agents to 9@ — . — % N
. i Real S
control and tune experiments Large VisionTrained Model rgetompn. rens O
Model Training Device Image

Du, M., Luo, Y., Banerjee, S., Wojcik, M., Popovic, J. and Cherukara, M.J.,. EAA: Automating materials
characterization with vision language model agents. arXiv preprint arXiv:2602.15294. (2026)
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The future i1s bright !

APS impact 1996-2023

g U.S. DEPARTMENT  Argonne National Laboratory is a

F,nal) »
rpno@wusnab .

hnalytlcal cw
—

amaﬂ spggtroscopy’

equationof state

-

ligand (bigghemistry)

oxypen evoiution
facaday efficiency
electrogatalyst
proton exchangemembrane ol gocinite
. arsenate
ect . konebde, “ ferribydrite
+ «electrochemist
- E I
P A on e
battery (lectricity) e
@ eletgrqde bimetalic strip m_::‘ " ouewser  Coptamination
J fastion conductor b dissalution nu(l(al@e?xry
’ xray absorptign sRgetroscopy manganese enwonmewl chemistry
— Gelectric spectoscopy” XADES ferie i !
— b I H t - ey caination |norgamcc ewtry netiona
N carbopyfiber extraction (chemistry) sphate
— pupblications T ooy avoatony W i
AN cteorice xezay Sbsorption fine structur  zeokte enviropmegal science bioavakabiaty
Iycrogen sioage . enyme winbior
chemicalsynthesis
silicate anstase metat oo in aqueous solution oty P bR Gramacio
mantle @geology) N didnaiehiisy. . conaytic cyde kadcompound " g Sniretcvesltherapy
vacancy defect L po - . -
subduction » quartz grophene electronaranster carbomytate combina(' chemistry  * » vhavr.
. »/ e * genporagenase n . profgase
Beophysics 5""""'s<omhmvy o ¥ hydrolysis * bioinfoamatics tyose human imy (
nitride 3 bioim « ey,
spin wansiion o «a AR ACOVEY s severe acute respiratory syndr
agomiste | yrosiaekinse

srosee s dispse infectious diseas&(medical sp
« micr ld
Q 8 @hcoascorch  revaaton
small apleculg g

comprassivigyy

+ dain
difmondignvil cell .m )
‘seebeck coefficent, - = & vl & w ’

S perovskiistructure) * Slosteri@eguiaih o PO
N vills  imtunesysem -
drhorhombiggrystFsystem +mugon o7 e, malorhiocompetbaty compd
Me: . iremnen

electrical resigtivity and con

hase| sition” ) .
s S

energy (signab processing)

- patents
wovelength, detetor —
— e image rasoion
‘beam ffucture)
‘e ) fourier wansform
: .aavan;ed plioton source’ phase retievdt
undatstor coherent difracton imagng.

e

gropey Internalffiedicine
& World wade web fractuiredgeofzy)

, celleycle

.
wosin
L4 methyation

thefmal expansion @ -
. e’ y — O+ ubiguitin hisone
hydrosade preseny ntu(mn‘ffﬂ((loﬂ s .
ce pro‘ramr‘language o epistemology it lgase g oo
prasebonn L e — functiorgbiology) - .
A = % = i @ molecufgjbiglogy o
) v o @ e - > souciumimot & N .4
condense er physics nlcle: ® A T oy domap (matiapaical anlyss) e g
curie rature. . * promoter
temperaty @ g achmioh @ philggophy .
ferrom@gnatism . O . . o
. )amcwg) amorphausy Fadiurs chgyeation lingdi§tics o gytoskeleton P dnabindiag protein
magn@ization  cuprate microaiicture ‘biologicabsystem myesin aain acto preshoon o THEmidg .
. ostru: ‘. " #ha epair
diegpric ., geometry . datsnase it + wncodgme polygerase T r "
. : iboto
g tigwoion  farroelgeicty o o v mm NV g # "™ dna rehcation
— creep s . . PrmAE L lgatithm st o) a\apoy».:;p‘.w
< Hemtosecond N - g
— serocociey et deformationifmeteorology) ' o Sepimeract
— ductily (eanh science) Rl . @ artificial ’ igence
— 3 wargnsite . . el N . w
aifusioniess wonsformation d10®Uon synchrotr@iradiation *  computatiamal physics TP Vison

U.5. Department of Energy labaratory

@ / {Jf ENERGY m'aﬁaged by UChicago Argonne, LLC.

Argonne &

NATIONAL LABORATORY




onne 25

NATIONAL LABORATORY

Arg

-



