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Hotlab
Energy System Integration

Radiopharmacy

Proton Therapy

Swiss Light Source SLS

Swiss Neutron Sources SINQ and UCN

Swiss Muon Source SmS

Swiss Free Electron Laser SwissFEL

High-precision Particle Physics CHRISP



Paul Scherrer Institut ïMission
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Matter and
materials

Energyand
environment

Human health

Large research
facilities

Swiss andforeignusers
from academiaandindustry

Development
Construction
Operation

Knowledge &
expertise

Education

Technology 
transfer

morethat 2400 externalusers/year
(38 beamports)



Large Research Facilities at PSI
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Research at large facilities

Photons
Protons

Neutrons
Muons

Microscopic
insightsinto
materials

Synchrotron Light Source SLS

SpallationNeutron Source SINQ

Muon Source SµS

Free ElectronLaser SwissFEL



Biology and Health at PSI

Radio Pharmaceuticals
for the diagnosis 
and therapy of tumours
Prof. R. Schibli, Dr. R. Eichler

ÝAccelerators: HIPA, SINQ
Ý Isotopes, Radiochemistry, 

CRS 

Structure of Proteins
for the targeted development
of new drugs
Prof. G. Schertler
Prof. M. Steinmetz

ÝAccelerators: SwissFEL, SLS

Outside 
of cell

Light sensor
Vitamin A

faulty 
building 
block

Inside
of cell
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Proton Therapy for
destruction of tumoursand
protection of healthy tissue
Prof. D. Weber

ÝAccelerators: COMET

Nanoscale biology of
molecular structure and
dynamics in the living cell
Prof. G. Shivashankar, 
Prof. J.P. Abrahams

ÝDetectors: EM



Energy research
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Understanding processes,
monitoringmaterialsageing

Nuclear safety

Understanding 
andbetter
useof catalytical
reactions

Catalysis

Understanding of
interactionsradionuclidesandrocks/minerals

Deep geological disposal

Fuel cells

Electrochemistry

More 
efficient
batteries



New research division of PSI since 2021
Large-scale simulations, modeling, and data science became an integral part of nearly all 

fundamental and applied science projects.

Å Computational material science, chemistry and biology are a huge opportunityand 

Switzerland is leading in these areas.

Å Data infrastructure and (open) data management are key to science success.

Å Machine Learning/AIand Quantum Computing are new, disruptive technologies.

Scientific Computing, Theory, and Data and 
Quantum Technologies
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Switzerland Innovation Network

8

Germany

France

Italy

Austria

PARK BASEL AREA

PARK BIEL/BIENNE

PARK WEST EPFL

PARK 
INNOVAARE

PARK OST

PARK ZURICH



Park Innovaare Residents Today

*my apologies,

list of companies 

is not up-to-date*



Proton 
Accelerators

Cockcroft Walton, 810 keV

electrostatic accelerator

Injector II
72 MeV sector cyclotron

590 MeV ringcyclotron

COMET 250 MeV s.c.cyclotron

SINQ Neutron 

Spallation Source



Gantry 1

OPTIS2

COMET

Gantry 2

PROScanmed. facility at PSI



SwissFEL

Alps



1st Constructionphase, ARAMIS
2013-16

Injector

SwissFELin a nutshell

ARAMIS
Hard X-ray FEL, ˂= 0.1-0.7 nm
Linear polarization, variable gap, in-vacuum 
undulators
First users 2017

ATHOS
Soft X-ray FEL, ˂= 0.7-7.0 nm
Variable polarization, Apple II undulators
First users 2020

Main parameters

Wavelength from1 Å - 70 Å

Photon energy 0.2-12 keV

Pulse duration 1 fs - 20 fs

e- Energy 5.8 GeV

e- Bunch charge 10-200 pC

Repetition rate 100 Hz

2nd constructionphase
2017-20 

Linac3Linac1 Linac2

ATHOS 0.7-7nm

Aramis0.1-0.7 nm0.35 GeV 2.0 GeV 3.0 GeV 2.1-5.8 GeV

user
stations2.6-3.4 GeV

BC1 BC2



SwissFEL



SwissFEL6 GeV Linac



SwissFELARAMIS  

Mineral cast 

support frame

Vacuum tank

positioningmechanic

Array of 1060 

permanent magnets

In vacuum, variable gap undulators

Ý smallest period undulatorsfor X-FELs

U15 undulator U˂=15 mm

nominal working point            K=1.2

g=4.5mm

ARAMIS FEL consists of 13 x U15



SwissFEL beamlines
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SLS

Swiss Light Source, SLS

Since 2000 in operation as 

synchrotron radiation source 

for 18 user beamlines

Now{[{ Ҧ {[{ нΦл 



SLS top cited publications

Kristina N. Ferreira, 

So Iwata et al., 

Architecture of the 

photosynthetic oxygen-

evolving center, 

Science 303(2004). 

DOI: 10.1126/science.1093087

SLS beamline PX I

Su-Yang Xu, 

M. ZahidHasan et al.,

Discovery of a Weyl fermion 

semimetal and topological 

Fermi arcs,

Science 349(2015).

DOI: 10.1126/science.aaa9297

SLS beamline ADRESS

Bernhard Misof, 

Xin Zhou et al., 

Phylogenomicsresolves the 

timing and pattern of insect 

evolution,

Science 346(2014). 

DOI: 10.1126/science.1257570

SLS beamline TOMCAT

D. Hsieh, 

M.Z. Hasan et al.,

A tunable topological insulator 

in the spin helical Dirac 

transport regime,

Nature 460 (2009).

DOI: 10.1038/nature08234

SLS beamline SIS

Bernhard Loll, 

Jacek Biesiadkaet al.,

Towards complete cofactor 

arrangement in the 3.0 Å 

resolution structure of 

photosystem II, 

Nature 438(2005). 

DOI: 10.1038/nature04224

SLS beamline PX I

Five out of ~9'500, cited in total more than 10'000 times (Each paper cited more than 1'600 times).

http://dx.doi.org/10.1126/science.1093087
http://dx.doi.org/10.1126/science.aaa9297
http://dx.doi.org/10.1126/science.1257570
http://dx.doi.org/10.1038/nature08234
http://dx.doi.org/10.1038/nature04224


SLS 2.0: The successstory continues

x 35 

Brilliance

Swiss Parliament agrees 
on the Swiss Dispatch 
on Promotion of ERI.

DECEMBER 2020

Restart of Expriments

JULY 2025

20252024202320222021 2026

Start of construction.
Dark period 15 months

OCTOBER 2023

Beam profile: lessemittance
andmorephotons

HUMAN HAIR 

SLS

SLS 2.0



ÉxÉШӛШÉxÉШΞЮΜ

SLS before

иCircumference 288 m

и3Ĭlong, 3Ĭmedium, 6Ĭshort straights

иtotal straight length ~80 m

иBeam current  400 mA

иBeam energy 2.41 GeV

иEmittance5500 pm

SLS 2.0 soon

maintained

ÅCircumference 288 m

Å3Ĭlong, 3Ĭmedium, 6Ĭshort straights

Åtotal straight length ~80 m

ÅBeam current  400 mA

almost maintained

ÅSource point positions |shifts| < 70 mm

improved

ÅEmittance 157 pm 

ÅEnergy       2.7 GeV



SLS 2.0 тMilestones

3
SLS2.0 funding

secured
1.1.2021

5
start darktime

30.9.2023

6
tunnel closure

20.12.2024

7
nominal beam 

available
01.05.2025

8
start user
operation

01.08.2025

2
.4

.2
0

2
5

1
storagering 

latticedefined
30.06.2020

2

beamlines& beamline
positionsdefined

30.09.2020

2020 2021 2022 2023 2024 2025 2026

4
readyfor
darktime

17.10.2022

9
start shutdown

21.12.2025

10
re-start user
operation

01.06.2026



3.10.2023 28.11.2023 7.3.2024 1.7.2024 3.9.2024

EƻŸũƨƣŔŸŰШŸŉШÉxÉШӛШÉxÉШΞЮΜ



SLS2.0 Triplet-Magnet VB-BN-VB

Permanent Magnet

Pro and con

+ No power consumption

+ No power supply

+ No cooling water

+ Compact 

тField AND geometry to be measured
and corrected with great precision
B better 0.2 %, x,y,zbetter 20 ͓ m 
at well defined temperature of 25°C

тNo tuning knob in operation
ӛШNo mistakes allowed !

Central bend of MBA cell
60 in total, Bcenter = 1.35 T 



Magnet measurements
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Å Quadrupole Series: 112
Å Steerers : 117
Å Sextupoles : 270 
Å Octupoles : 268
Å Triplet Bending magnet : 60

BN 60 VB 120

Å Reverse Bends: 150 ready

Rotatingcoils
benches

Vibrating wires
benches

Hall Probe 
bench

Moving wire
benches



Undulators und Superbends, 
the SR sources

U10 HTS, Baxis=2 T, 4mm gap, L=1 m, 1x  

High TemperaturBulk Superconductor 

20

27.5

15

U17, L=3m, 4x 
In-Vacuum-Undulator
With magnetic force 
compensation

5 T s.c.
Superbend, 2x 

New developments 

For optimum use  of

SLS 2.0 beam

UE36kn, L=2 m

Apple-X, with 
knot magnet 
arrangement



SLS 2.0 Roof Renewal and Solar Panels

4.6.2024

15.5.2024



More radiated X-ray power for users
Less electricity consumption

SLS ­ SLS2.0
Ee- 2.4 GeV ­ 2.7 GeV
PSR 310 kW ­ 365 kW
Welec/y 24 GWh­ 17 GWh
Welec-WPV/y 17 GWh­ 15.5 GWh

Key savings:
Electromagnets  ­ permanent magnets

Klystrons  ­ solid state amplifiers
Standard pumps ­ regulated pumps for cooling

Tar paper roof ­ PV cladded roof

Ғ -30%

Power economy SLS2.0 vs. SLS incl. PV roof

Ғ -35%

PV:  1.0-1.5 GWh/y



SLS2.0 Teams 
at work


