 PSI

Welcometo PSI

5t SMTF and '8 IDSM 2025 Workshops
PSI visit 2.4.2025

HansH. Braun
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(.= Paul Scherrer Institut

Swiss Light Source SLS
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=== Paul Scherrer Institut T Mission

Largeresearch
facilities

Development
Construction
Operation
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expertise

Education
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Technology
transfer
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BS Large ResearchFacilities at PSI

Research at largéacilities Synchrotron Light Source SLS

Photons
Protons
Neutrons
Muons

Microscopic
insightsinto
materials

Page4
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BS Biology and Health at PSI

Qutside
of cell

faulty

building

block

Inside

of cell

Structure of Proteins Nanoscale biologyf Radio Pharmaceuticals Proton Therapyfor
for the targeted development  molecular structure and for the diagnosis destruction oftumoursand
of new drugs dynamics in the living cell  and therapy otumours protection of healthy tissue
Prof. G.Schertler Prof. G.Shivashankar Prof. R.Schiblj Dr. R. EichlerProf. D. Weber

Prof. M. Steinmetz Prof. J.P. Abrahams

Y Accelerators: HIPA, SINQY Accelerators: COMET

Y AcceleratorsSwissFEISLS Y Detectors: EM Y Isotopes, Radiochemistry,
CRS

Page5



PAUL SCHERRER INSTITUT

BS Energy research

Nuclear safety Catalysis Y. .
Understandingprocesses Understanding 79 !
monitoringmaterialsageing andbetter g / ' |
A useof catalytical % {\A/\
reactions _@_

l \.—'

CO,+H, CH;OH+H,0; or H,

Electrochemistry

More
efficient
batteries

Understandingpf
interactionsradionuclidesand rocksl mmerals Fuelcells

Pages
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(= Scientific Computing, Theory, and Data and
Quantum Technologies

New research division of PSI since 2021

Largescale simulations, modeling, and data science became an integral part of nearly all

fundamental and applied science projects.

A Computational material science, chemistry and biology are a huge opportuaitg
Switzerland is leading in these areas.

A Data infrastructureand (opendata managementre key to science success.

A Machine Learning/ABnd Quantum Computingare new, disruptive technologies.

@ sbpscC

0
\\0‘0 CSCS

MARVEL
OCo0oe

HATIDHA CENTRE OF COMPETENCE TH AESEARCH
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«=HJ» Switzerland Innovation Network
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Proton
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Accelerators

A T R
590 MeV ringeyclotron %57

|
|

4C00kcroft Walton810keV |

Lelectrostatic accelerator
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Finjector |1

172 MeV sector cyclotron
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BS SwisskFEL
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SwissFELIn a nutshell

1st Constructionphase ARAMIS 2nd constructionphase
201316 2017-20 ATHOS 0-7nm
REF| user
— - 2.6:3.4GeV stations
Cracl)-f¥{Tinacs M e vt
0.35GeV 2.0GeV 3.0Gev  2.1:5.8GeV \ 5mis0.1-0.7 nm
ARAMIS Main parameters

Hard Xray FEL<=0.1-0.7 nm

Linear polarization, variable gap;wyacuum
undulators

First users 2017

ATHOS

Soft Xray FELs=0.7-7.0 nm

Variable polarization, Apple Il undulators
First users 2020

Wavelength from1 A-70 A
Photon energy 0.2-12keV
1fs-20fs
5.8 GeV

e Bunch charge 10-200pC

Pulse duration

e Energy

Repetition rate 100 Hz
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o HJ» SwissFEL

The SwissFEL Building Site

The two passages for wild game crossing.

On the first floor the »
RFmodulators and other

supply systems
are situated.

A
Photon Beamlines,
Experiments
-] A28 and Preparation Laboratories
ARAMIS Undulators

Situation of SwissFEL next to PSI campus
g, . y : )

Linear Accelerator

o
> Ihjector
PSI campus

Swiss Light Source
Central Control Room
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(== SwissFEL6 GeVLinac




—

st SyisSFELARAMIS

U15 undulator <,=15 mm
In vacuum, variable gandulators ) ) _
3 nominal working point K=1.2
Y smallest periodindulatorsfor X-FEL
g=4.5mm

ARAMIS FEL consists of 13 x U15

Mineral cast

support frame positioningmechanic

Array of 1060

permanent magnets

Vacuum tan
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()= SwisskFEL beamlines

Attosecond and

nonlinear X-ray
Athos science

(in preparation)

Atomic, molecular and
nonlinear X-ray physics
and chemical dynamics

Exit slit
Mer. Cylinder '

Hor. Focus

28=1.5° I VLS-grating I

Cylinder
flat /4 km
Exit slit Ultrafast dynamics
in quantum matter
KB-mirrors Ultrafast dynamics of
° KBh photochemical and
Aramis HIOS-mi emic
DCM1 'm'";l”s Aus KBv photobiological systems
. I P B s
Offset mirrors At »‘” Bernina Ultrafast phenomena in
1\ 2-32 mrad g condensed matter systems
Aus 6 mrad Smad_— "Gmad A‘L" &QM'ZSE
i P Vs DCM2 ’ "kev  Keh
M M M M My, M — 3
11 31 12 2 21 Wz ‘XAQD\\ Cristalli Quantum science and
= FiStalling prepms biology
‘K\\\\%\ OMvd
M: Mirror ~\~=_'

DCM: Double-Crystal Monochromator
CRL:  Compound Refractive Lens KBv  KBh
KB: Kirkpatrick-Baez Mirror KB-mirrors

Pagel7
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Swiss Light Source, SLS
Since 2000 in operation as
synchrotron radiation source
for 18 user beamlines




SLS top cited publications

SuYang Xu,
M. ZahidHasaret al.,

Kristina N. Ferreira,
So lwateet al.,
Architecture of the
photosynthetic oxygen
evolving center,
Science803(2004).

Fermi arcs,
Science349(2015).

¥ &= phylogen
d

Concrete connection
3 uplitt

DOI:10.1126/science.109308D0I:10.1126/science.aaa92970I:10.1126/science.1257570D0I:10.1038/nature08234

SLS beamline PX |

SLS beamline ADRESS

PSI

August 2009 wannsturecom/nature

THETOP10
NATURAL
HAZARDS

The g

HORMONES
AND CANCER
Tam n's

BREATHE EASY

Why the thousands of fungal spores youinhale
every day don't provoke an immune reaction

resolve,

Molecula

STEM CELLS AND CANCER NATUREJOBS
The multitasking of p53 Genomics on

AN EXTREME ‘HOT JUPITER"
\.  WASP-18b spirals to destruction

TOXICOLOGY ON TRIAL NATURE.
. Timetoabandon Europe's test regime? Trieste's

Human activity north of the AlpS&
as early as 700,000 years ago

whamm

D. Hsieh, Bernhard Loll,
M.Z. Hasamrt al.,, JacelBiesiadkaet al.,

BernhardMisof,
Xin Zhotwet al.,,

Discovery of a Weyl fermion Phylogenomicsesolves the A tunable topological insulator Towards complete cofactor
semimetal and topological

timing and pattern of insect  in the spin helical Dirac arrangement in the 3.0 A

evolution, transport regime, resolution structure of
Science346(2014). Nature460(2009). photosystem Il,
Nature438(2005).

SLS beamline TOMCAT SLS beamline SIS DOI:10.1038/nature04224

SLS beamline PX |

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
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HUMAN HAIR

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

4 L 4 i
Al Y Y ™ T T
DECEMBER 2020 OCTOBER 2023 ﬁ

Start of construction

. Restart ofExpriments
Dark periodl5 months
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maintained
A Circumfere
A 3 long3l 1
A total straight lengtBO m
A_Beam-currerto0-mA

SLS before

Circumferen@88 m
3 long3l mediumgl short straights

total straight lengtBO m
Beam curre00 mA
Beam energy41 GeV
EmittancB500 pm

almost maintained

A Source poipt positions |skiff§| m
improved
A Emittancés
A Energy 2
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SLS 2.01 Milestones

PSI

1 3 6 8 10
storagering | | SLS2.6unding tunnelclosure | startuser || re-startuser
lattice defined secured 20.12.2024 operation operation
30.06.2020 1.1.2021 01.08.2025| | 01.06.2026
2 4 5 7 9
beamlines& beamline readyfor startdarktime nominal beam |startshutdown
positionsdefined darktime 30.9.2023 available 21.12.2025
30.09.2020 17.10.2022 01.05.2025

2.4.2025



Ve

E2YlOeqRYUWYNnLWEXx EWS WEx EW=

3.10.2023 1.7.2024 3.9.2024
\ } E - z '




SLS2.0 TripletMagnet VB-BN-VB

Central bend of MBAcell
60 in total, B.pier = 1.35 T

s NdFeB
Magnet block

|

PSI

Permanent Magnet

Pro and con

+ No power consumption
+ No power supply

+ No cooling water

+ Compact

T Field AND geometryto be measured
and corrected with greatprecision
B better 0.2 %, x,y,zbetter 20, m
at well defined temperature of 25°C

T No tuning knob in operation
3 Nb mistakes allowed !



Magnet measurements

PSI

e I -
’ - = . N | > — el d s e = =
[ 1 i . - =5 o ot B 0T | e
| = ' -— = e
= — = - Fo — T

Vibrating wires
Movingwire
benches

=

A Quadrupole Series: 112
: N A Steerers: 117
S A Sextupoles: 270
Y > A Octupoles : 268
il A Triplet Bending magnet: 60

) BN 60 VB 120

— @ benches
: Reverse Bends: 150ready

g

—



Undulators und Superbends, PSI

the SRsources

New developments
For optimum use of
SLS 2.0 beam

Gifford- 5 Ts.c.

McMahon

cryocoolers S u perbend, 2X
50K

=, thermal
g connection

LHe vessel
(~151)

~8 hours
autonomy in
case of

ul10 HTSBaxis:2 T, 4mm gap, L=1 m, 1x ?;'i"l(:l(;v(;olel"s

Nb-Ti prototype coil and
aluminum pre-compression structure
tested in liquid nitrogen.

High Temperatur Bulk Superconductor T

chamber

anchoring

. UE36kn, L=2 m

11 e : Apple-X, with
U17, L=3m, 4x A = W Lol (A Ty~ = knot magnet

In-Vacuum-Undulator |—: -
With magnetic force
compensation

arrangement



SLS 2.0 RoofRenewal and Solar Panels

4.6.2024
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w(-]7Jw POwer economy SLS2.0 vs. SLS Incl. PV roof

25'000

Beamlines, Infrastructure and User;

1'826

| — Light; 350
Building Ventillation: 346
200000
Cooling Circulation Pumps; 1'489
More radiated Xray power for users —_— wwewsiom
Less electrlcity Consu mption ———————————————— . Vacuum: 219 Beamlines, Infrastructure and Uiser;

Beamlines, Infrastructure and User;
1826

1500 Central HE-Comressars; 1'139

SLS- SLS2.0 —— Rk Ventilators; 333
E- 2.4 Ge\t 2.7 GeV
Psr 310 kW- 365 kwW
W, /Yy 24GWh- 17GWh
Weiec WY 17GWh- 15.5GWh o

Diagnastics, 76
Central HE-Compressors ; 1'051

Magnets and Insertion

Key savings:
Electromagnets permanent magnets
Klystrons- solid state amplifiers
Standard pumps regulated pumps for cooling
Tar paper roof PV cladded roof

5'000

SLS Today
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