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Først maa vi have neutronerne pillet ud af atomkernerne

Baade ved Fission 
(i en reaktor) 
og spallation vha en 
accelerator

Kommer neutronerne 
ud me med mere end 
en faktor 1000 for høj 
hastighed!!!! 
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Neutroner fra spallation eller 
fission bremses ned ved 
sammenstød med brintkerner I 
flydende brint eller i vand!

Hot
Thermal
Cold
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J-Parc 
Japan
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Time

F
lu

x

CW – continous sources – TOF or Monochromatic

Time

F
lu

x

Chop beam to pulses

Monochromatize 
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Get as many useful neutrons 
on the sample as possible

Critical angle = m * 0.1°/Å * l

0           1            2           3           4

1972
ILL

1996
SINQ

2006

Super Mirror guide 
development – I prop m2 m

P Allenspach PSI
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Neutrons scatter on
- Atomic nuclei
- Magnetic moments

X-rays scatter on 
- Electrons
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Neutron Scattering Length [fm]

1 fm = 0.1x10-12 cm

J Kohlbrecher PSI
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h = d sin(q)�

Constructive interference when 2 h = n l  i.e. 

n l = 2 d sin(q)  Braggs law.
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D. Cheptiakov, U. Stuhr, E. Lehmann
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Protein Crystallography 
ILL, LANSCE, JAERI…
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l = 2 d sin(q)  
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EXAMPLE PSI – in total about 
the same number of beamlines as 
ESS:
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75 mm

Test sample 3,  “Dewar cane”
- base alloy  DIN 1.4306 / AISI 304L
- braze filler  AWS  BNi-2 (with Boron) 

(filler is yellow colored for easier interpretation of NDT result)�
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��1���

Den billigste metode til at 
undersøge denne høj 
temperatur lodning!
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Density
structure

Moisture 
distributionCell structure

RES: 0.2–0.5 mmRES: 50-200µmRES: ~1µm

FOV: 5-30 cmFOV: 1-5 cmFOV: 1-3 mm

X-raysNeutrons
Synchrotron

Radiation

MACROMIDIMICRO

David Mannes, E Lehmann PSI
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Beech tree

Diameter: 3 mm
Resolution: 3µm

SLS-beam line
TOMCAT
energy: 20 keV
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Direct Run

Referenced Run

Analysis of the process of impregnation of resin solution into wood
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X-ray 150 kV

tomography slices

Fungal decay

Slice through the object with about 20 cm diameter
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hole
0.15 mm

fuel

Kuehne/Lehmann PSI
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Facility

<1990 50 MCHF

1990-2000 180 MCHF

1998-2008 150 MCHF

2004 – 2009 40 MCHF

2006-2009 20 MCHF

2008-2018 180 MCHF

Construction 
Period

Cost excl internal manpower of 
order 50-100 man year/year

SmuS – 
muons
SINQ -  

neutrons
SLS – 

synchrotron
Proscan – 

proton therapy
UCN – 

neutrons
PSI-XFEL  - 

photons

Ca 620 MCHF in capital cost over 30 years plus staff cost ca 10 MCHF/year  
i.e. In total ca 30 MCHF/year 

(plus drift af anlægene, plus deltagelse i CERN, ILL, ESRF, EUROFEL (Hamborg))�

Skaleret til danske forhold 2/3 * 30 * 4.9 ca 100 Mkr/aar  ....... over 30 aar

CH og DK samme areal, befolkning 7.5 henholdsvis 5 Mio 
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PSI:

Staff ~ 1280 PJ

Of which externally financed ~ 300 PJ

Doctoral students ~ 270

Apprentices ~ 80

PSI-employees with teaching duties at ETH and universities ~ 70

Number of scientific publications ~ 800

PSI has joint Professorships with Zurich, Basel, Bern, Lausanne, Fribourg and soon 
also Geneva – with activities and presence at both sites
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Particle 
Physics

14 %

Nuclear Energy
Research 

17 %

Solid State Physics
and Materials Sciences

39 %

General 
Energy Research 12 %

Life Sciences
18 %



�����������	
��
����	������������������������������ ���������������������������������� ��
������
����������
�������

$����1H )�3 F�� 
�� 
+�� 
��%�

�E����

����


Basel

Joint Professorships 
with:  
Zurich (25 km), 
Basel (48 km), 
Bern (87 km) 
Fribourg (114 km), 
Lausanne (170 km) and 
Geneva (212 km)�
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Næsten mere Dansk end Svensk
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EFDEJPD VBSEDA EVD UVEK

Swiss Federal Government

ETHZ
Swiss 
Federal 
Institute of 
Technology 
Zurich

EPFL
Swiss 
Federal
Institute of
Technology
Lausanne

PSI
Paul Scherrer
Institute

Empa
Swiss 
Federal
Laboratories
for Materials
Testing

WSL
Swiss 
Federal
Research
Institute 
for Forestry, 
Snow and 
Landscape

Eawag
Swiss 
Federal
Institute for
Water 
Resources 
and Water 
Pollution 
Control

Universities - Kantonal

EDI

Board of the Swiss Federal Institutes 
of Technology

~1000 MCHF/y ~500 MCHF/y ~250 MCHF/y

For at fastholde et saa stort budget – kræves intern fodslag og nye 
initiativer – paa facility siden var det PSI-XFel (25 MCHF feasibility)�
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University of Fribourg (A Stradner, P 
Schurtenberger) og PSI (Kohlbrecher)�
har brugt SANS til at studere graa stær.

Naturen har brugt milliarder af aar paa 
at udvikle store (tusindvis af atomer) 
funktionelle molekyler for at udføre 
forskellige biologiske funktioner. 

Menneskene har brugt nogle tusind aar 
paa at udvikle funktionelle materialer. 
Vi er meget langt fra proteiner i 
komplexitet.
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Alternating Ferromagnetic and 
superconducting layers.

„Surprise“: when entering the 
superconducting state, the total 
magnetization stay constant but every 
second FM layer is nonmagnetic!
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Detector Radiogram
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Through planeradiograms

One feature in experiments: simultaneous measurement of water and local power generation
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