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a collection of slides

used by Werner Joho

Visits at PSI

A Introduction to PSI

A Energy Research, Proton Therapy,
Neutron Source SINQ,
Swiss Light Source SLS

A 3D-Film

A Exposition in Forum

A Break with drinks and sandwiches
A Transfer to PSI West

A Visit of SLS, SINQ, Proton Therapy
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Swiss Federal Government

EDA | EDI EJPD VBS
ETH-council

ETHZ EPFL PSI EMPA
Swiss Federal Swiss Federal Paul E
Institute of Institute of Scherrer -
Technology  Technology Institute =
Zurich Lausanne .

Universities,

Industry

WSL

Federal Laboratory Institute for
for Material Testing Forestry, Snow
and Landscape

EFD EVD UVEK

EAWAG

Institute for
Water Resources,
Pollution Control
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Paul Scherrer (18901 1969)

A Study of Physics / Mathematics
ETH Zrich, Konigsberg, Goéttingen

A 1920: Director Physics Institute ETH.
popular Physics Lectures, Showman

A Research:
X-ray Diffraction, Nuclear Physics

A 1946: President of the Swiss Atomic
Energy Commission

|

| ,u A Member of the Founding Committee

of CERN in Geneva
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Mission of PSI

Research at international Level

Material Sciences, Nano -technology

A fundamental Questions in Science,

=> Research with complex large Facilities

structural Bio -Science

A Tumour Therapy with Protons

Energy Research
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Research at PSI East

Alternative-Energies

A hydrogen car, fuel cells

A efficient batteries

A solar-ofen, solar-cells

Nuclear Energy

A safety of nuclear power plants
A waste disposal

A transmutation of waste (vision 1?)
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Material Research
Research at PSI| west with X-rays, Neutrons, Muons

A Structure of Biomolecules for
new Drugs

P A 3D-Tomography of Microstructures

Amagnetic Structure of Surfaces

A Superconductors

Ainternal magnetic Fields in Solids

Aimaging of large Objects with
Neutrons
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Medical
Applications

Tumour Therapy
with Protons

Isotope Production

for Hospitals
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Budget 2012

PSI Global Budget 250 Mio. CHF
Research for Industry 80 Mio. CHF
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rials Sciences

Budget 2012

250 MCHF (PSI funds)

45 %

Life Science
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E Ej renewable Energy Nuclear Energy & Safety

Research Topics
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Human health

Neutronsource SINQ
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Research Topics

Microstructures, new Materials

Myons as Microprobes
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PSI has 3 Top-class Accelerators!

A Ring -Cyclotron , 590 MeV Protons

=> Neutrons, muons

A Storage Ring , 2.4 GeV Electrons

=> X -rays

A compact -Cyclotron , 250 MeV Protons

=> Cancer Therapy

W.Joho 2013
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Ring-Cyclotron
590 MeV Protons

2.4 mA, 1.4 MW average beam power
(world record!)

most intense Spallation-Neutron-Source
Muon Beams 10 n/s
5.108 p*/s, 108 /s }

corresponds to
medium flux reactor
(without Uranium!)
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Swiss Light Source (SLS)
2.4 GeV Electron Storage Ring

extreme stable X-ray beams

to better than 0.5 um
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superconducting Cyclotron
250 MeV Protons
for Tumour Therapy

Eye Tumours deeply seated Tumours

2 rotating Gantries

3D-Spot Scanning

W.Joho 2013
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Beam Therapy against Tumours

X-Rays Proton Beams
Conventional Method Advantage: Proton stops after a well defined
In Hospitals Range, Choice from 230cm
Disadvantage: 3-dimensional scanning
Healthy Tissue gets => Protection of critical Organs

substantial Dose _ _
In Switzerland so far only at PSI !

Y Limitation to special Tumours

Y Eyes, Brain, Spinal Cord

W.Joho 2013
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Dose distribution in human body

..................................................................................................................................

Protons: dose in body

1.2-
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............................................................ - 1.0 1

TUMOUR

C 1.2 7
' ) Tumour

0.0
0 5 10 15 20/ 25 30 0 5 10 15 20 25/ 30
depth (cm) depth (cm)
substantial dose no dose
behind tumour behind tumour
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OPTIS
Eye Tumour Therapy
with protons

1984-2012
50500 Pat

from all over Europe

Tumour-control;
> 98%

(Collaboration with
Hospital Lausanne)

Irradiation on 4 days
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Comet Cyclotron

Beam Therapy with
250 MeV Protons

CYClotron:
superconducting Magnet, 3m @
collaboration ACCEL & PSI

W.Joho 2013
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The PROSCAN Facilit

cyclotron <0 Moy material OPTIS2
i &0 i~ . . .
A irradiation eye treatment
/ _\ wide beam wide beam + individual collimator
. . electrostatic 2007 s f
K // deflector 50 us <10 nA 70MeV 7 208
_ L 150004
E kicker magnet 50 s iﬂ;iffpﬂ
_-lﬂ- - . . T
 demde, o
H s ) 0.4 2008
50 ms 4 nd i

. fast spot
(.__1311[1‘}r 2 scanmning

dispersive sections
+slits dp/p=0.06...1.4 % ID-sweeper
magnet

former
connection to
580 MeV cyclotron ~0.4 nd
disassembled o—=t

GEIIHIT 1 discrete spot scanning

February 2007
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(Future Gantry Il1)

—— Cyclotron COMET

The PROSCAN Facilitl/

all_
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Proton Therapy with PROSCAN
Gantry
Does Modulation
sweeper 1

sweeper 2

CYCLOTRON

Proton Beam ___

DEGRADER
=> Range

W.Joho 2013
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Proton Therapy

Irradiation of Tumour
from different Directions

with Gantry

Y minimal Dose at

Surface

W.Joho 2013
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Spotscanning (E.Pedroni)

T Pencil Beam: 7 mm in Air

I Volume Scanning on a 5 mm Grid:
106000 Applicati

still world wide the only Gantry with
Proton Scanning !

Scanning Elements :

Tim SpotDosis Monitor + Kicker
100 us

X Sweepermagnet (fast) 5 ms/step

Y Rangeshifter (moderate speed)
30 ms

Z Patient Table (slow) 10 mm/s

W.Joho 2013
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Dose below 5% Dose 100%

Brain Tumour

Irradiation with
Protons by

Spot-Scanning
(E.Pedroni, PSI)

W.Joho 2013
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Energy

N
v

SPOT SCANNING !
C
9
L o
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o
al
BRAGG Peak
A\ 4
Eii Treatment of deep seated tumours with
Ll minimal damage to healthy tissue
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Costs for Proton Therapy

Treatment at PSI

new Facility in Hospital

Eye Tumouir: medical Building

8 0000, 4Sessions 50 MF.

ca. 200 Patients/Year Cyclotron with 3 Gantries
Brain Tumour: 100 MFr.

400000 30-Sessions ca. 400 Patients/Year

ca. 50 Patients/Year

W.Joho 2013
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3 Probes for Material Research

only at PSI and Rutherford Lab

Photons (SLS) => Electron Cloud
Neutrons (SINQ) => Atomic Nuclel
Muons ( nBbR) ==) |nternal magnetic

Fields in Crystals
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size comparison Nucleus => Atom

100 m
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o Facilities in Europe
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Aerial View

SwissFel
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2011 SLS SINQ Snb LTP PSI total

Beamlines 16 12 6 4 38
Instrument Days 1787 1939 669 350 4745
Experiments 1058 439 226 4 1727
User Visits 3338 826 319 594 5077
Individual Users 1565 441 160 240 2336

New Proposals 778 403 196 1 1378
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Injem % | Proton
,;L @ | Source

Ringcyclotron

superc.
cyclotron

Proton
Therapy

Experimental Hall

Protonen Beam

Neutron Beam

-
OPTIS

50 m

Neutron
Source

W.Joho 2013



PAUL SCHERRER INSTITUT

—
Experimental Hall Neutronsource

SINQ
| Injector | l
& = | .L

‘ cold Neutrons
Eal
KAl

Injector Il g =

Ringcyclotron

ultra cold  Medical Annex
Neutrons
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Overview High Intensity Proton Accelerator

Injector Il Cyclotron 72 MeV

Ring Cyclotron 590 MeV

2.4 mA /1.4 MW

Cockcroft Walton
\ !
e )
\ r ~ - T =™ _
" Spedmtinann Lo, PR ‘._3:' mp secondary beamlines
SINQ

spallation source

proton therapie center

[250MeV sc. cyclotron] L s it e r—

E==——"2
| | ]

[Markus Luthy]
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T2 MeV Injector 2

870 ke

72 MeV proton beam ~
for 1zotope prod.

590 MeV Ringevelotron "

Cockeroft-
Walton
preacc.

Variable energy
Injector 1

Accelerator Facilities
with 4 Cyclotrons

Injector 1.

Nuclear Physics + Eye Tumours

Injector 2:

Injection + Isotopes for Hospitals

Ringcyclotron:
Muons, Pions, Neutrons,

Proton Therapy

superconducting Cyclotron:

Proton Therapy

W.Joho 2013
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Cockkroft-Walton Pre-accelerator

Voltage: 810 kV

M —  Proton Beam
870 keV

Proton Source:
at 60 kV Inside
AFaraday C

W.Joho 2013
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RF *;\
Resonator — |

50 MHz

Injector |

Injection Line
870 keV

Extraction Line
72 MeV Protons
(after 100 turns)

W.Joho 2013
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Ringcyclotron

590 MeV Protons
2.4 mA,
1.4 MW Beam Power

(world record!)

8 Magnet a 250 Tons
4 Cavities a 900 kV

(1IMV)

Extraction a

W.Joho 2013
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Proton

Production of Neutrons

. lead nucleus
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Asl|l owAdh Neuftrons f or
Material Research

A Production of fast Neutrons

A slowing down in Moderator

1. Fission of Uranium (U235) 2. Spallation of heavy Nuclei
In a Reactor (e.g. lead) by Bombardment with
Protons from an Accelerator

=> allows fast turning off !

W.Joho 2013
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Neutron Spallation Source

Proton (590 MeV) => Lead Nucleus => ca. 10 Neutrons

=> Moderation to < 0.025 eV => Diffraction on Material Probes

SINQ

R I PSlinstruments
M Instruments with partially external support

NEUTFlA

HHPT Planned 27 generation instruments

Neutron Target L
Hall 9 He:;'geszad Space reserved for instruments
7 B Radiation shielding
| | User
g AMOR SANE g IT-Room/
| - . 1 MAHE TEl:hn. Lab.

. Meutron Guides

Experir+ent Laboratories

Two-Story Laboratory Building

I ORPHEUS
—= [
(Sample Preparation,

e - R Sample Environment Equipment,

Technical Support)

I — | _] Neutron Guide Hall

W.Joho 2013
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SINQ
Neutron Spallation Source

Guide for
cold Neutrons

W.Joho 2013
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Radiography with Neutrons

=> the interior of big objects
becomes visible

O©ONRVIRA®PS?

NEUTKONK AN AR AVHY

N
P ONSVIRA®PST

¢ o NSUTRONZANCARAZHY
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Neutron Radiography

Large Material Probes are
eamined withou destruction
=> the Interior becomes visible

Neutron Radiography X-Rays

W.Joho 2013
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Research with Neutrons

Neutrons as compasses: magnef
flux lines in a superconductor

Experiments at the Spallation Neutron Source

W.Joho 2013



PAUL SCHERRER INSTITUT

o] -

2011

Beamlines
Instrument Days
Experiments
User Visits
Individual Users

New Proposals

PSI| as User Lab

[ L

SLS
16

1787
1058
3338
1565

778

SINQ S

SINQ
12
1939
439
826
441
403

Snb

669
226
319
160
196

PSI total
38
4745
1727
5077
2336
1378
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Energy Amplifier Concept (c.Rubbia)

PSI

/

Beam current needed to produce 80 MW, with protons
for different criticality factors k (ref. Ansaldo 2001)

example: 600 MeV PSI Cyclotron
in future with 3 mA => 1.8 MW

=> production of neutrons in
subcritical reactor (e.g. k=0.97)

=> 110 MW ,, => 40 MW

=> power plant with 1 GW , needs

35 mA protons at 1 GeV => s.c. Linac

Ainherently safe

Ause of Thorium (big reserves)

Ano production of Plutonium
for weapons

W.Joho 2013



