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Fig 2: In 1996 the protein 5-exonuclease
extracted from bacteriphage TS was
reconstructed from X-ray diffraction
data collected at the ESRF [3].

are used. It is high time to use for this type
of production 100 - 150 MeV high-power
cyclotrons instead of ageing reactors.
For curing some type ofcancers,beams

of 200 MeV protons are used with estab-
lished medical protocols since almost
30'000 patients have been treated all over
the world. At present the most promising
new tool in radiotherapy is that form of
hadrontherapy that utilises beams of light
ions of atomic number around Z =6. At
variancewith protons,which interactwith
the cells essentially as X-rays, light ions
better control the slowly growing radiore-
sistant tumours which represents about
20% of all the tumours irradiatedwith X-
rays. Since 1994 at HIMAC in Japan about
800 patients have been treatedwith carbon
ions with satisfactoryresults; moreover in
1998 the carbon ion pilotprojectwas com-
pleted at GSI,where about 50 patients have
been irradiated. In the years 1996-1999 an
AUSTRON-CERN-GSI-TERACollabora-
tion has carried out the Proton Ion Med-
ical Machine Study (PIMMS), a study of a
light ion synchrotron optimized for med-
ical applications [4). PIMMS is the basys
of the therapy centres proposed by the by
the TERA Foundation [5) andby theMed-
AUSTRON project [6) to their national
authorities. Using PIMMS, preliminary
proposals have also been prepared by
TERA for the University Claude Bernard
in Lyon and for the Karolinska Institute in
Stockholm. Independently a hospital-
based therapy centre has been designedby
GSI for the Heidelberg University [7).
In planetology small beams of low en-

ergy protons are used. At the Heidelberg
Proton Microprobe the PIXE elemental
mapping ofmicrometeorites is done with
a spatial resolution of a few microns [8).
Coming finally to the letter Z, in the field

Fig 1: The Time Tree gives a pictorial view of the
development of accelerators applications in both
modification processes and sample analyses.

To discuss the relevance ofparticle ac-
celerators to society it is useful to dis-

tinguish the three main uses of their pri-
mary, secondary and tertiary beams:
1. analyses of physical, chemical and bio-
logical samples,
2. modifications of the physical, chemical
and biological properties ofmatter,
3. research in basic subatomic physics.
In this last application particlesmove close
to the velocity of light and one should
speak of'massificators' rather than of'ac-
celerators'.

Sample analyses and modification
processes
As far as the first two points are con-
cerned, to a nice figure byK. Bethge [1) I
have added the leaves representing the
many applications that continue to sprout
from its various branches (Fig. 1).
The trunk has its roots in the nuclear

physics ofthe thirties and the pull towards
higher energies and beam currents still

Ugo Amaldi, University ofMilano Bicocca and TERA Foundation, Italy

The importance of particle
accelerators

comes today from the studyoffundamen-
tal particles and their interactions. Some
ofthe accelerator technologies mentioned
in the figure became mature so long ago
that they are no longer discussed at large
international conferences.
Already a cursory look at the figure

proves that particle accelerators are very
important, because they give irreplaceable
contributions to many aspects of human
life. The list of the fields of applications
goes from A to Z, i.e. from art to zoology.
In the field of the arts one can consider

the work done at the Accelerateur Grand
Louvre pour ['Analyse Elementaire
(AGLAE) on a drawingmade around 1450
and attributed to Pisanello. By means of
the PIXE technique the attributionwas fal-
sified, since securely attributable drawings
are characterised by much less copper
than the amount observed [2).
For the letter Bwe consider biology.M-

ter the completion of the decoding of the
human genome, the attention of molecu-

r---------------------..., lar biologists has moved
to 'structural genomics',
the understanding of the
shape and functioning of
the proteins coded by
each gene. X-ray diffrac-
tion of samples of crys-
tallised proteins is at pre-
sent the main tool in
'proteomics' and all suit-
able sources - in partic-
ular synchrotron radia-
tion sources - are con-
tributing and will con-
tinue to contribute.
Jumping for brevity

down along the alphabet
to medical diagnostics,
cyclotrons are used to
produce the isotopes
used for Positron Emis-
sion Tomography (PET)
and Single Photon Emis-
sion Computed Tomogra-
phy (SPECT). Still, in
about 80% of all exami-
nations, isotopes (in par-
ticular Technetium 99m)
produced at old reactors

europhysics news NOVEMBER/DECEMBER 2000 5
Article available at http://www.europhysicsnews.org or http://dx.doi.org/10.1051/epn:2000601

Accelerators serve:
☞discovery science
☞medicine, industry, energy, 
environment, national security 
…
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➣ Total budget (2016)       

     1127.2 million CHF 

➣ Employed members 3197

➣ Associated members 13128

More than 30,000 particle accelerators in operation around the world

Mission: 

“Seeking and finding answers to questions about the universe”
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MAMI-C  
Harmonic Double Sided Microtron (2007) 
up to E = 1.6 GeV

HIGH  
Intensity  
up to 100 µA  

Resolution  
σE < 0.100 MeV 

Polarization  
up to 80% @ 40µA 

Reliability  
85% (7000 h/y) 

The MAMI Legacy



Upgrade to ... 

MAMI-C  
Harmonic Double Sided Microtron (2007) 
up to E = 1.6 GeV

The MAMI Legacy

210 The European Physical Journal A

Fig. 1. Layout of the MAMI accelerators and the experimental areas. MAMI A is located in the RTM2 area, MAMI B in
RTM3, the new MAMI C in the area labeled HDSM.

Table 1. MAMI microtron development.

Year Activity

1975 Proposal for a Race-Track Microtron
(design by H. Herminghaus et al.)

1979 14MeV beam from MAMI A1
1982 Preliminary Sonderforschungsbereich

(SFB) established
1983 183MeV beam from MAMI A2
1983 - 87 MAMI A operation with a total of 18,700 h
1983 - 90 Development of the 855MeV MAMI B
1984 SFB 201 established
1990 First 855MeV beam from MAMI B

(first experiment by A2 Collaboration)
1990 - 2005 MAMI B operation with a total of 82,843 h
1999 Sonderforschungsbereich 443 established
2000 Approval of 1.5GeV HDSM

(Harmonic Double-Sided Microtron,
design by K.-H. Kaiser et al.)

2001 - 03 Installation of the four HDSM magnets
2006 Commissioning and begin of physics

2 MAMI microtron development

The history of the MAMI microtron development is sum-
marized in table 1. The pioneering development of MAMI
A and B at Mainz has established the microtron as a cost-

effective way to build an accelerator capable of delivering
a high quality electron beam [1]. The layout of the accel-
erator and its experimental areas is shown in fig. 1. The
microtron design relies on sending the beam repeatedly
through the same room-temperature accelerating struc-
ture with moderate energy gain per turn. Recirculation is
achieved by two homogeneous 180◦ end-magnets. The size
of these end-magnets for the last microtron stage, MAMI
B, is evident from fig. 2. The perpendicular entry and exit
of the electron orbits at the end-magnets results in simple
and robust beam optics. Due to the continuous-wave na-
ture of the radio-frequency power and the constant mag-
netic field, the quality of the beam is very high: an energy
spread of δE/E = 1.5× 10−5 and an emittance of ϵ = 8×
10−9m is achieved routinely. A laser-driven polarized gun
produces electron beams with 80% polarization. Parity vi-
olation experiments are possible since helicity-correlated
changes in the beam parameters are very small: energy
variations of δE/E ≤ 10−8 and position variations of δx ≤
100 nm have been achieved. Particularly impressive is the
high operational stability: overnight and during weekends,
the MAMI microtrons are routinely operated by students.

It has been the conventional wisdom in the accelerator
community that the maximum energy of a microtron is
limited to about one GeV since the construction of the
end-magnets which increase rapidly in size with increasing
energy becomes technically and financially impractical.



The Wheelers

A2:$Real$Photon$Sca0ering!

 $Tagged&Bremsstrahl.8Photons$

 !4π8Setup:$Crystal$Ball,$TAPS$

Polarizabilities	(RCS),	Low	Energy	Excitation	of	light	
hadrons,	Neutron	Skin,	Light	Mesons	dynamics

A1:"Electron"sca-ering"

Three"High'Resolu.on"Spectrometers"

Δp/p<'1054'FWHM'

A1:"Electron"sca-ering"

Three"High'Resolu.on"Spectrometers"

Δp/p<'1054'FWHM'

Form	Factors,	Polarizabilities	(VCS),	
Few-Body	Physics,	Search	for	rare	
events,	EW	Physics,	Hypernuclei

A2:$Real$Photon$Sca0ering!

 $Tagged&Bremsstrahl.8Photons$

 !4π8Setup:$Crystal$Ball,$TAPS$

#MakeHumansSmartAgain
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The Mainz Energy recovery 
Superconducting Accelerator

• 1.3 GHz c.w. beam


• normal conducting injector LINAC 


• superconducting cavities in recirculation beamline 


• ERL-mode: 
100 MeV @ 10mA (unpol.)  


• EB-mode: 

155 MeV @ 150 µA (pol.) 



The physics cases@MAMI and MESA

Low energy 
nuclear physics

High luminosity + high resolution + polarized beam and target
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Search for 
rare events

High luminosity + high resolution

Precision 
EW physics

High luminosity + polarized beam
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SEED

Basic and applied 
research

• Scientific development

• Society benefit

• “The low energy frontier of the SM”

• Accelerator science for medicine (ERL)

• Radiation damage studies

• Crystal properties for new materials

• (coming) Biophysics
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Basic and applied 
research

• Scientific development

• Society benefit

• “The low energy frontier of the SM”

• Accelerator science for medicine (ERL)

• Radiation damage studies

• Crystal properties for new materials

• (coming) Biophysics

Intellectual satisfaction we obtain only from a connection of the whole                                         
(Hermann von Helmholtz)

BALANCE
“Intellectual satisfaction we obtain 

only from a connection of the whole” 

(Hermann von Helmholtz)

The MAMI recipe for small accelerators 



“Any simple problem can be 
made insoluble if enough 

meetings are held to discuss it” 

(Mitchell´s law of committees)
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SEED

Basic and applied 
research

• PAC

• Science Advisory Board

The role of accelerators at Universities

➣ Unbound to specific funding initiative and agendas

➣ Applied research as benchmark for comprehensive universities
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• Scientific development

• Society benefit

• Jefferson Laboratory

• HGF (FAIR) and MP (Material science)

• Cooperation with Danfysik

• (coming) Journalism internships

• PAC

• Scientific Council

• …
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SEED

Basic and applied 
research

Network (Research 
Center, Universities and 

Industries, Press)

GROWTH

• National (and 
International) 
collaborations with 
Research Centers


• National and regional 
cooperations

The role of accelerators at Universities

➣ Increase internationalisation and 
visibility of the University



SEED

GROWTH

#MakeHumansSmartAgain

YIELD

Education

Basic and applied 
research

Network (Research 
Center, Universities and 

Industries, Press)

• Research-oriented 
teaching


• Service and 
Outreach

• Scientific development

• Society benefit

• Beam times as part of curriculum

• Particle Physics Academy

• Open days, Sat. Morning Phys.
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Education

Basic and applied 
research

Network (Research 
Center, Universities and 

Industries, Press)

• Research-oriented 
teaching


• Service and 
Outreach

• Scientific development

• Society benefit

• Beam times as part of curriculum

• Particle Physics Academy

• Open days, Sat. Morning Phys.

Sustainability of 
future research 

programs
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SEED

Basic and applied 
research

Network (Research 
Center, Universities and 

Industries, Press)

GROWTH

YIELD

Education
• Beam times as 

integral part of 
BSc. 


• Extend to other 
disciplines


• International PhD 
Summer schools


• Teachers internship

The role of accelerators at Universities
Excellence of 

future research 
programs



Accelerators are Ubiquitous but Unsung 

#MakeHumansSmartAgain

More than 30,000 particle accelerators in operation around the world

FEATURES

BASIC RESEARCH

NUCLEAR PHYSICS

Fig 2: In 1996 the protein 5-exonuclease
extracted from bacteriphage TS was
reconstructed from X-ray diffraction
data collected at the ESRF [3].

are used. It is high time to use for this type
of production 100 - 150 MeV high-power
cyclotrons instead of ageing reactors.
For curing some type ofcancers,beams

of 200 MeV protons are used with estab-
lished medical protocols since almost
30'000 patients have been treated all over
the world. At present the most promising
new tool in radiotherapy is that form of
hadrontherapy that utilises beams of light
ions of atomic number around Z =6. At
variancewith protons,which interactwith
the cells essentially as X-rays, light ions
better control the slowly growing radiore-
sistant tumours which represents about
20% of all the tumours irradiatedwith X-
rays. Since 1994 at HIMAC in Japan about
800 patients have been treatedwith carbon
ions with satisfactoryresults; moreover in
1998 the carbon ion pilotprojectwas com-
pleted at GSI,where about 50 patients have
been irradiated. In the years 1996-1999 an
AUSTRON-CERN-GSI-TERACollabora-
tion has carried out the Proton Ion Med-
ical Machine Study (PIMMS), a study of a
light ion synchrotron optimized for med-
ical applications [4). PIMMS is the basys
of the therapy centres proposed by the by
the TERA Foundation [5) andby theMed-
AUSTRON project [6) to their national
authorities. Using PIMMS, preliminary
proposals have also been prepared by
TERA for the University Claude Bernard
in Lyon and for the Karolinska Institute in
Stockholm. Independently a hospital-
based therapy centre has been designedby
GSI for the Heidelberg University [7).
In planetology small beams of low en-

ergy protons are used. At the Heidelberg
Proton Microprobe the PIXE elemental
mapping ofmicrometeorites is done with
a spatial resolution of a few microns [8).
Coming finally to the letter Z, in the field

Fig 1: The Time Tree gives a pictorial view of the
development of accelerators applications in both
modification processes and sample analyses.

To discuss the relevance ofparticle ac-
celerators to society it is useful to dis-

tinguish the three main uses of their pri-
mary, secondary and tertiary beams:
1. analyses of physical, chemical and bio-
logical samples,
2. modifications of the physical, chemical
and biological properties ofmatter,
3. research in basic subatomic physics.
In this last application particlesmove close
to the velocity of light and one should
speak of'massificators' rather than of'ac-
celerators'.

Sample analyses and modification
processes
As far as the first two points are con-
cerned, to a nice figure byK. Bethge [1) I
have added the leaves representing the
many applications that continue to sprout
from its various branches (Fig. 1).
The trunk has its roots in the nuclear

physics ofthe thirties and the pull towards
higher energies and beam currents still

Ugo Amaldi, University ofMilano Bicocca and TERA Foundation, Italy

The importance of particle
accelerators

comes today from the studyoffundamen-
tal particles and their interactions. Some
ofthe accelerator technologies mentioned
in the figure became mature so long ago
that they are no longer discussed at large
international conferences.
Already a cursory look at the figure

proves that particle accelerators are very
important, because they give irreplaceable
contributions to many aspects of human
life. The list of the fields of applications
goes from A to Z, i.e. from art to zoology.
In the field of the arts one can consider

the work done at the Accelerateur Grand
Louvre pour ['Analyse Elementaire
(AGLAE) on a drawingmade around 1450
and attributed to Pisanello. By means of
the PIXE technique the attributionwas fal-
sified, since securely attributable drawings
are characterised by much less copper
than the amount observed [2).
For the letter Bwe consider biology.M-

ter the completion of the decoding of the
human genome, the attention of molecu-

r---------------------..., lar biologists has moved
to 'structural genomics',
the understanding of the
shape and functioning of
the proteins coded by
each gene. X-ray diffrac-
tion of samples of crys-
tallised proteins is at pre-
sent the main tool in
'proteomics' and all suit-
able sources - in partic-
ular synchrotron radia-
tion sources - are con-
tributing and will con-
tinue to contribute.
Jumping for brevity

down along the alphabet
to medical diagnostics,
cyclotrons are used to
produce the isotopes
used for Positron Emis-
sion Tomography (PET)
and Single Photon Emis-
sion Computed Tomogra-
phy (SPECT). Still, in
about 80% of all exami-
nations, isotopes (in par-
ticular Technetium 99m)
produced at old reactors

europhysics news NOVEMBER/DECEMBER 2000 5
Article available at http://www.europhysicsnews.org or http://dx.doi.org/10.1051/epn:2000601

Accelerators serve:
☞discovery science

Accelerators drive:
☞excellence
☞internationalisation

☞medicine, industry, energy, 
environment, national security …

☞innovation → economic growth
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Accelerators serve:
☞discovery science

Accelerators drive:
☞excellence
☞internationalisation

☞medicine, industry, energy, 
environment, national security …

☞innovation → economic growth
Generators of knowledge



Concettina Sfienti 
Johannes Gutenberg-Universität - Institut für Kernphysik, Mainz 

The Role of Accelerators 
at Universities

➣ Accelerators are the flagships of Research 
Universities

SEED

GROWTH

YIELD ➣ They are generators of knowledge unbound 
to specific funding initiative and agendas
➣ They allow for research-oriented teaching: 
driver of excellence

“Challenge is nothing more than the seed of opportunity”

➣ They are hearth and crash test for 
comprehensive universities

“Ut omnes unum sint”


