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I: SOME THOUGHTS ON X-RAY PHOTON SOURCES

FROM THE TECHNOLOGICAL PERSPECTIVE
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Valerio Cerantola et al 2021 J. Phys.: Condens. Matter 33 274003

Technological evolution of X-ray generation

?
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Project at Arizona State University
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ASU’s instrument makes its first X-rays
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ASU’s compact coherent FEL

The stakes are sky rocketing as the 
project is extremely challenging!
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LAB-SCALE X-RAY SOURCES THAT CAN PARTLY REPLACE

SYNCHROTRONS AND FELS IS AN ACTIVE AREA OF RESEARCH
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SACLA
free-electron laser

SPring-8
electron storage ring

SACLA - a lab lost in the mountains
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High-level overview
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SACLA linac: 8 GeV, 400 m C-band technology
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90-m in-vacuum undulator
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Next generation ‘green’ accelerator technology

Green technology is a must 
in Japan!
• high-gradient X-band linac

• short-pulse klystron modulator

• 1 kHz repetition rate

• permanent magnets
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THERE IS A PUBLIC EXPECTATION FOR GREEN TECHNOLOGIES: 
EXAMPLE: GREEN SPRING-8/SACLA-II IN JAPAN



14

II: SOME THOUGHTS ON X-RAY PHOTON SOURCES

FROM THE USER PERSPECTIVE
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Courtesy of Dr. Jonathan Lang, Neutron X-ray Summer School, July 18, 2022

X-ray Light Sources around the world

LCLS

SACLA

European XFEL

PAL XFEL

SwissFEL
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Courtesy of Dr. Jonathan Lang, Neutron X-ray Summer School, July 18, 2022
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Courtesy of Dr. Jonathan Lang, Neutron X-ray Summer School, July 18, 2022



18



19



20

Revolution in cryo-EM and Structural Biology 

https://www.sciencedirect.com/science/article/pii/S0959440X22001191

https://www.sciencedirect.com/science/article/pii/S0959440X22001191
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https://peakproteins.com/cryo-em-at-peak-proteins

• Number of synchrotron users and 
publications has saturated. 

• Structures of proteins and 
biomolecules have been studied 
with X-ray crystallography

• Cryo-electron microscope 
challenges X-ray monopoly

• Now, the majority of proteins is 
resolved with cryo-EM. 

• It is natural to expect the 
reduction in crystallography 
synchrotron users. 

• But increased demand for time-
resolved studies at FELs.

Potential reshaping of the user landscape

https://peakproteins.com/cryo-em-at-peak-proteins
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III: STRENGTH OF ACCELERATOR PHYSICS IN SWEDEN
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UMEÅ

Chalmers:
High-intensity laser-particle interaction

UMEÅ:
Vacuum laser acceleration

LU:
FELs, beams dynamics

LU:
Plasma-based acceleration

KTH:
THz-based acceleration

UU:
Superconducting RF & magnets, beam 
dynamics, FELs

Accelerator physics/technologies in Sweden

MAX IV: 
synchrotron technology 

ESS: 
Proton accelerator, SRF + … 
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IV: CHALLENGES
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SWOT analysis

Strength Weakness Opportunities Threats

Accelerator physics 
is represented at 
national facilities 
and academia

No platform for 
R&D like DESY in 
Germany, IFNF in 
Italy, KEK in Japan

Critical mass of 
competence 

4-year funding 
cycle of VR; 
contacts with CERN 
are K-contracts. 

Tradition of 
accelerator physics

No national funding 
schemes to bridge 
basic and applied 
science

Diverse research 
program

All major projects 
were planned 
before the 2008 
economic crisis

Successful start-ups 
that have grown 
into world-
recognized leaders: 
Scandinova, 
Excillum, Scienta

No exchange of 
good practice via 
long-term visits of 
junior researchers 
or joint 
appointments 

X-ray photon 
community is world 
leading; high-
energy community 
is proactive at CERN

Accelerator 
projects come once 
in two decades and 
then not much R&D 
in between. 

We shall establish a national R&D platform and play a key role in the 
next European or international project like the Muon Collider or FCC!


