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 I: Introductions with Special Emphasis on Experimental Techniques 

 

• Introducing Strangeness 

• Introducing Focusing Spectrometers 

• Introducing Mainz Microtron MAMI and its Spectrometers 

 

 II: Strangeness Physics at the Mainz Microtron (MAMI) 

 

• Introducing Electron Scattering off Protons 

• Elementary Kaon Electro-Production 

• Decay-Pion Spectroscopy of Hypernuclei 
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Strangeness 
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The K meson – now that is strange! 

 1932 Discovery of the positron 

 1937 Discovery of the muon 

 1947 Discovery of the pion  

   (postulated by Yukawa as mediator of nuclear force) 

  

In the same year Rochester and Butler observed the occasional presence of 

curious forked tracks in a series of cosmic-ray experiments that indicated the 

existence of a new type of unstable elementary particle: K mesons, the first 

strange particles. 

Rise of modern particle physics → early work on cosmic rays 

Since then, interest in strange particles has remained alive 
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Instrumentation 

Stereoscopic photographs showing an 

unusual fork (a b) in the gas. The direction 

of the magnetic field is such that a positive 

particle coming downwards is deviated in an 

anticlockwise direction. 

 On the basis of the analysis given 
below we believe that one of the 
forked tracks, shown in Fig. 
1 (tracks a and b), represents the 
spontaneous transformation in the gas 
of the chamber of a new type of 
uncharged elementary particle into 
lighter charged particles,  

Main instruments to study particle interactions in the 1940s were cloud 

chambers and counter arrays, often used in combination with each other 

and with magnets.  

Discovery of kaons was only possible because of strong electromagnet 

built and brought to Manchester by Patrick Blackett.  

→ combination of powerful equipment with good tracking capability 

Wilson 1927: Nobel price "for his method of making the paths of 
electrically charged particles visible by condensation of vapour"   

http://www.nature.com/physics/looking-back/rochester/index.html#f1
http://www.nature.com/physics/looking-back/rochester/index.html#f1
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Observations 

[Rochester & Butler, Nature 160 (1947)] 

Stereoscopic photographs showing an 

unusual fork (a b) in the gas. The direction 

of the magnetic field is such that a positive 

particle coming downwards is deviated in an 

anticlockwise direction. 

 On the basis of the analysis given 
below we believe that one of the 
forked tracks, shown in Fig. 
1 (tracks a and b), represents the 
spontaneous transformation in the gas 
of the chamber of a new type of 
uncharged elementary particle into 
lighter charged particles,  

Stereoscopic photographs showing an unusual fork (a b) in the gas.  

The two tracks apparently are not connected to any incoming cosmic 

particle, but curved symmetrically away from each other from their point 

of origin, showing that the particles have opposite electric charges 

→ assumption of “spontaneous transformation of a new type of 

uncharged elementary particle into lighter charged particles” 

http://www.nature.com/physics/looking-back/rochester/index.html#f1
http://www.nature.com/physics/looking-back/rochester/index.html#f1
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unusual fork 

fragments 

incident cosmic ray 

3 cm  

lead 

Filtering and Background 

two events among 5000 photographs taken during effective 1500 hours 

[Rochester & Butler, Nature 160 (1947)] 
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Data analysis 

 with two angles measured with respect to the incident particle 

 Momentum conservation holds: 

  

   which simplifies for identical secondaries to the following: 

Λ → p + π-  

m = 0.5 MeV/c2 

K → π+ + π-  
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Focusing Spectrometers 



Strangeness Physics at the Mainz Microtron      Sept. 2o14 

P Achenbach, U Mainz 

Schematic Spectrometers 

[C. Grupen, Particle Detectors (2008).] 

defines relation between gyro-

radius and magnetic rigidity 

[Pink Floyd, The Dark Side of the Moon (1973).] 

tracking tracking magnet 

beam 

target 

𝐵𝜌 =
𝑝
𝑞 = 𝛽𝛾𝑚𝑐/𝑞 

𝑚𝑣2

𝜌
= 𝑞 (𝑣 × 𝐵) 
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The Dawn of Spectrometry 

1897  J.J. Thomson analyzed deflection of cathode rays in e.m. fields  

 (determined mass/charge of the electron) 

1898  W. Wien analyzed the mass of hydrogen using e.m. fields 

1907  J.J. Thomson’s hypothesized that channel rays are beams of charged 

 particles with lighter ones being more deflected than heavier ones  

 

J.J. Thomson’s apparatus with  

parallel electric and magnetic fields  

Rise of modern particle physics → development of spectrometers 

Since then, magnetic spectrometers contributed to the understanding of 

the structure of matter including … chemical isotopes, nuclear binding, 

nuclear excitations, nuclides far-off stability … 

[J.J. Thomson, Philosophical Magazine 13 (1907) 561] 
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The Discovery of Atomic Masses and Isotopes 

Parallel field analyzer creating two-

dimensional spectrum with 

horizontal deflection x from electric 

field E and vertical deflection y from 

magnetic field B 

This was the first experimental proof that elements are formed of 

atoms with fixed masses: the Greek idea of atoms was confirmed 

𝑦 ~ (𝐵𝑞/𝑚𝑣) 

𝑥 ~ (𝐸𝑞/𝑚𝑣2) 

Famous spectrum of 1913 by J.J. 

Thomson and F.W. Aston showing  

two neon lines of Ne-20 and Ne-22 
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Semi-circular Focusing 

General geometric property of 

ions leaving under small angles 

on circles with same radius: 

track intersection after 180° 

 

 

 

 

 

 

 

In 1918 A.J. Dempster  

constructed first directional 

focusing magnetic spectrometer 

Spectrometers with magnetic sector fields provide directional focusing 

[A.J. Dempster, Phys. Rev. 11 (1918) 316] 
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From alpha-/beta-spectroscopy to nuclear reaction spectroscopy 

The first nuclear reaction 

spectrometer of 1948 at MIT 

Directional Focusing Spectrometers 

alpha-spectrometer 

of 1933 by Cockcroft  

following Rutherford’s 

design 

beam momentum ~ 2 MeV 

momentum range Δp/p = 4% 
    [H.A. Enge, Nucl. Instr. Meth. 187 (1981) 1]     [J.D. Cockcroft, J. Sci. Instr. (1933) 71] 
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Velocity Focusing Spectrometer 

High resolution by compensating 

velocity spread: 

 

 

 

First successfully achieved by 

Aston in 1919. 

 

Chemistry Nobel Prize for Aston 

1922 “for his  discovery, by 

means of his mass spectro-

graph, of isotopes, in a large 

number of non-radioactive 

elements, and for his enun-

ciation of the whole-number rule”  

atomic mass proportional to 

mass number A 
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Focusing Spectrometer Optics 

mass spectrum with the mass A = 16  

oxygen-methane doublet 16O-12CH4  

mass spectrum around neon 

Aston realized that beams of charged 

particles can be focused like light  

slit system  

electric deflector: 

ions spread into energy  (velocity) spectrum  

magnetic dipole: 

ions deflected into velocity focus 

    [F.W. Aston, Mass Spectra and Isotopes, London, U.K., 1942] 
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Nuclear Binding Energies Resolved 

Aston’s nuclear binding energy curve from 1927:  

Textbook measurements made with double focusing spectrometers:  

data-base for Bethe-Weizsäcker liquid drop model of nuclei 

    [F.W. Aston, Proc. Royal Soc. 115A (1927) 487] 
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Mattauch and Herzog developed a 

complete theory of double focusing 

sector instruments.  

 

Electric and magnetic sector fields are 

treated as thick lenses and prisms with 

dispersion.  

 

Focal lengths and dispersions including 

second order image aberrations are 

calculated with procedures known from 

geometrical optics.  

 

By properly shaping the magnetic field 

one can reconstruct the momentum 

vector of the particle and the location of 

the interaction at the target from 

measurements in the focal-plane. 

Charged Particle Optics 

(x|x0) 
magnification 

(x|θ0) 
= 0 at focal plane 

(x|δ) 
dispersion 
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Browne-Büchner Spectrometer 

“The present author in collaboration with 

W.W. Büchner made the optical layout,  

on the drawing board with a sharp pencil, 

of an instrument which was built at MIT 

[…]. The completion of the spectrograph 

was directed by C.P. Browne and the 

instrument came to be known as the 

Browne-Büchner broad range 

spectrograph.” 

 

“The instrument is basically a 90° sector 

magnet familiar from mass spectrographs . 

However, it has circular pole boundaries.” 

po 

1.1 po 

0.7 po 

application for reaction spectrometers 

momentum range 

Δp/p = 40%     [H.A. Enge, Nucl. Instr. Meth. 187 (1981) 1] 
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Mainz Microtron MAMI and Its 

Spectrometer Facility 
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Race-Track Microtron (RTM) 

15 MeV 

180 MeV 

Cascade of 3 RTMs with each 2 magnets + x times the same linac 

with radio-frequency acceleration (cw bunch structure 0.4 ns) 

RTM3: single pass energy gain 7.5 MeV x 90 turns = 675 MeV total energy gain 

with only 163 kW RF power for 67.5 kW of beam power @100 mA 
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MAMI-B 
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Harmonic Double Sided Microtron (HDSM) 

    [K.-H. Kaiser et al., Nucl. Instr. Meth. A 593 (2008) 159] 
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MAMI-C 
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Magnetic focusing spectrometers at MAMI: 

• 3 high-resolution Δp/p ~ 10-4 spectrometers  
 (SpekA,B,C) 

• 1 short-orbit spectrometer  
 (KAOS, since 2008) 

 

 

  

Kaon survival probability: 

Magnetic spectrometer facility at MAMI 

SpekB 

SpekC 

SpekA 

KAOS 
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Magnet Optics for the QSDD Design 

    [K.I. Blomqvist et al., Nucl. Inst. Meth. A 403 (1998)] 

Improvements for better imaging 

include polynomially shaped exit 

and entrance pole angles 
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Magnet Optics for Kaos 

    [P. Achenbach, Proc. SENDAI08 (2010) 332] 


